Advanced tools for RNA secondary structure analysis by Voß, Björn
Technische Fakultät
 	

	fiffflffi !	"$# %&	'"#	()+*,-	/.01 #%2	3-%
 0'+
4567# 	89
	;:<	%+*,=1
4	?>@ ACBDE	FB0
GH#	
IJ *,ffi	K+*,-	/LMffi'-	ffN
O
2#	QPRffiNST	6U
OV
XWRY	ffV=Z	ff[#
\ ]_^a`cbedAf] g h?hjiZk lmhcn o p \ qrfsdAh?be]c`tn u
q?v9nxwedyvRw$nmf \ bz`{i|uakQ}fik
S-M1 	ffY -
0ST
~@2Ł
WR	ffYV=Z	ff#c3( 8	S-	(e-	5
   
~  	

 
   ffflfiffi ff !
"#fi$
 %&fl'
'ff(' 	)*ff+,
U !)ff-% ffi+.
"
D0/21  34+35 #6
ffi$
70/	 98+ :+31; < 98:=+> 8 0ff ff
7 :-6
 !+3 ff
 + 1 	
?	fiffi:A@ BC;
 
"ffiff !
 	;#D .6
EEFGffflDH@I
J'K
L+ffi
NMOPF37RQSffTU;V
WYX[Z]\_^I`badc)eO^gfGeih cjXL\_^bkIlnmgopXgmqcjrOkIZts lbXnuwv=eOxns Xn\k:ep`by{z}|~bi
  
  	 
 
ffflfiffi! #"$"% fl&('$*)+,&	-./0 1ff2-.4365*fi87:9; <=9>&?ff* 9A@.545fl ,7B0fi=CEDFfiGfi8'Hff*fi87IC<@.7!'Jfl)
ffflfiE527K-flLM'NLfl-."O58-*7BP QffiRD(S&T ,7!3 ,7TCU@47!'$*)Vff*fiW527XfiQ52-*7K-/'N <Y 8ffi	ff.'Z9ffflfiA9A'[9 ,7
\fl Qff^]
_`7X Qffi0]?ab7c](de #\flfiQ7BRf	'%fig)4fi87!'%LQff&?ff* 1),-/hflfiiDFfiPff*fij5fl .9k9M'J\.'$"J'HlSP0 m527Xfi858-*7XfiFff.'Z9
ffflfiA9A'[9=no9A@.5*fi87Bh.'[9;figC1DFfi-Q*Cj-/9k9A'[900figCDPfi(&('HffRffip7!@.'[pffic@4"QCU'[9;L8@=909A'% #g9q-.flC1ffflfi8"J5/ffip@."
'$5g9qff.7r <@*)Ufffl #@/	ff*fiF&?ff* <"NfiF'$DFfi QffiD(SY_`ff,a 527X tsufi=LM/]
ab7c] vj-*7XLwdefi8ff.DR9MDPfi8'%fiQ7Rffi! ,7\flfiQ'$fl)xDySz Q{YLgfi|Lg #"$"Nfifl-fl)U@*fi4nR-.g90&Tfi87!'Jfl)xDyS
}
@flfi/9~'N <=9-.flCff*fi8"$5gffic@4"CU'[9;L8@=909A'% #g9m #z9;L8'%fiQ/'HLz-g9W&Tfi8"$"T-g9* </u9;L8'%fiQ/'HL
D-..*fi87:9fl]
Rff*fi/0fi872-/'% #2-."4	dŁ f7-=C<@2-/0fi(L8fffl o <"*'$G'% #'$gffi ,7!D-/'%LA9-.flC6ffi8* <DPfi
defiA9tfi*-*7XL8ff^n7XfiQ5*7rfiA9tfiQ/0figC\S1_a ab7c]?"-.@g9_`7K-.438n^ffi! ,7ffic@4flC<'$fl)-.*C-Ap0fiQflCU'Jfl)
D(Sj527X tsufi=LM/]
v-/pff.'-g9 ofigL8ffg9AD-.4,n>I-*79~0fi8v6fiMSAfiQ7unR_fiA0fi87RU0fiM fiQ,nv1'%L8ff8-flfi8"¡ figL83¢
9~0fiMp0fiY-Q*CV£¤"Nfi¥Q-.flC.fiQ7T<¦/LAS.7!\2-i&?ff* §ff*fi8"$5*figCDFfi6&('HffW5*7-=LA'%Lfl-."^9A@.545fl ,7BP-.flC
ffi ,74'%LgfiF'JDFfiA9( <@gq 8ffi	@.4'Hhflfi87:9A'HlS/]
£¤"J"45*fig <54"%fiy QffiffflfiR£Tf¨_`7K-.3¢'Z9tLQffflfi6/ffi! ,7!D-/'J3bffi! ,7`D-.3fl'Jfl)jDySy&T ,7!3y-G5."Nfifl-g9©
-Qg	'$DFfi,]
vªSFffi-.D'J"HSAnoffic7!'Nfi8flCQ9?-.flCifiA9A5flfigLQ'-."$"[SGD(SF&?'[ffifiR&(fffl 69A@.5.5* ,7B0figC1DFfi-.flCYff2-flC0 
fi8flC<@.7XfiiDySDP 4 oC89fl]
 O 
  ``
 
	
 
	 
 ff
 
	flfiffi	 "!#%$&('")
 ffi*
+!-, /.0&'1	2
! 3
4
65 798;: eikpZAs cqm=<$s c eih?>]^bkI` c s @k[m 30303033333330333333 A
4

4 B
ypXnus `Ieih|tc \_^I` c ^n\#XC@bf=798D: 330303033333330333333 E
4
ffiA F)ypX;|tc \_^I` c ^n\#X;|?xpe:`[XG@nf=7H8D: 30303033333330333333 
4
IE :-k:ebh JIm s kpl4c yIX|tc \_^I` c ^n\#X|?xpe:`[XLK
B
^b\\#Xnk[cNMX c yO@iZnm 330333333 P
4
IEQ5 :5h cqXn\Pk:e[c s R:X;|XI`S@ kIZOe:\6J	| cd\_^I` c ^n\#Xgm 3333330333333 P
4
IE
4
| cd\_^I` c ^n\fleih(T,XLh h UWVHXX"kIX[Z kIXgmjm 3033333330333333 P
4
IEIA :5h cqXn\Pk:e[c s kpl | X[`S@ kpZie:\6J	| cd\_^I`gc ^n\#Xgm 3333330333333 
4
IEYE :-k:ebh JIm s kpl	c ypX->Z@th Z]s kIlRv eIc y\[HeWJ 033333330333333 
4
IEI] ^1@O`IeihM s kns u0e&033330303033333330333333 
3 $9	)`_fla,1
 
	(,"fi.%	?	flfi
*
,2cbd'Z&(	
*
2
A 65 7"XbxI\#Xgm Xnk[cjeIc s @ kImL@nfe798D: | X[`S@ kpZie:\6J	| cd\_^I`gc ^n\#X 33330333333 55
A 65OQ5 Ff[H@gUWV-s u0Xnk[m s @ kpeih<-s mg^:ebh s m eIc s @ k(033333330333333 55
A 65O
4
| cd\Ps kpld7"Xnxp\#Xgm Xnkgc eIcds @ k430303033333330333333 5SA
A 
4 B
@u;xpeL\s ma@ kG@bf798D: | X[`S@kIZie:\6J| c \P^p` c ^b\ X[m 3333330333333 5\E
A 
4
Q5 h'eIm X v=eis}\iV-s mqc eikp`[X 330303033333330333333 5\E
A 
4

4
Mj@i\_xby@th @Ol]s `pebhkV-s mqcjeOkI`[X 0303033333330333333 5S]
A 
4
IA F \ XIXN:5h s ltkbu0XnkgcNV5s mqcjeOkI`IX 303033333330333333 5S]
A 
4
YE lkpXL\#lgJmh'e:\P\s XL\=V-s mqc eOkI`[X 303033333330333333 5S]
A 
4
I] vm Xn^pZ1@ aLkO@bcNMXIepmg^n\#X 30303033333330333333 5[
A ffiA
B
h ^[mqcjXL\;:-kpeih Jpm s m(330033330303033333330333333 5[
A IE :-k:ebh JIm s mn@bf=798D: | X[`S@kIZie:\6J4|tc \_^I` c ^n\#X 033333330333333 5SP
A IEQ5 | cd\_^I` c ^n\#X v \ XIZ]s ` c s @k{opepm X[Zo@k`V9JikpeOus `	v \p@Ol]\fleOu;us kIl 333 5SP
A IE
4
~c yIXn\%:$xbxI\@ep`byIXgm)cq@r798;: |X[`O@ kIZieL\QJ4|tc \_^I` c ^n\#X{v'\#X[Z]s ` c s @ k 33
4

A IEIA | cd\_^I` c ^n\#X|?xpe:`[Xff:$kpeih JIm s m303033333330333333
4
P
s t

'(
 

 
	u	"vw0fiIa'"x(,1
 
y{z'(	"2,(+!`z|"Ofl
'
*
323
E=65
B
@kgf
@O\_u0eIc s @kpeih]| [ffis cq`byns kIl2s k`798;: 03033333330333333 AA
 O   
$9	a'"
*
E=
4
FffyIX	xpe"798D:Gmjme:-xbxp\@Oe:`ny 30303333003303333333033 A1E
E=ffiA : 7Y^bkGF)yn\@^Iltye xpe"798D:GmjmGl

xIXn\s uXnk[c>003303333333033 AO
E=IE 7?X[`[XnkgczuxI\@ZR:XnuXnk[c me@nf5xpe"7H8D: mjm 333003303333333033 Ai
EYE65 l"kIXL\#lgJuMj@iZbXLh.3030303333003303333333033 Ai
EYE
4
7?Xgmqcd\Ps ` cds kIl	c yIX| XIe:\#`ny|?xpe:`[X3cq@
B
eOkO@kns `Ieih |tc \_^I` c ^n\#Xgm 3033 E
EYEffiA 7?X f
@ h Z]s kIl	c yIX|tc \_^I` c ^n\#X|=eOu;xnh X0K ^1@i`IeihM s kbs u0e 3333033 E
EYEIE :$kzuxI\@ZR:X[Z`V-s mqc eOkI`[X M;XIepmg^n\#Xopepm X[ZC@k 7H8D: | X[`S@kIZie:\6J|tc \_^I`WU
c ^n\#Xff:5h s ltkbu0Xnkgc9030303333003303333333033 E
E=ffi] :$xbxnh}s `IeIcds @ k[m 003333030303333003303333333033 E
EI]=65 :'c cqXnki^peIc @O\ 33030303333003303333333033 E5
EI]=
4
|?xnh}s `[X[Z ^bXIe:ZbXL\ 030303333003303333333033 E(A
EI]=ffiA 
		l]\@^bxAzs k[cd\@ k 33003303333333033 EO
EI]=IE 5z < UW5;h XpepZiXL\ 3030303333003303333333033 E(P
EI]=ffi] ffflfi?c yns M h XpepZiXL\ 0303333003303333333033 ]1E
EI]=  |2U oO@

h XIe:ZbXL\9@bfffi "!#$fifl%fi ! uX cSl 003303333333033 ]O
EI]=  ^iu0eOkmgu3eih}htkb^I`Lh XIe:\=7H8D: m-333003303333333033 i
E=  l2R:eih ^peIc s @ kj@nfc yIX	xpe"798D:GmjmeOxbxp\@Oe:`ny 33003303333333033 
4
E=  V-s m `b^[mjm s @k3003333030303333003303333333033 1]
&
('
*
 ,(Lzk&(, _2'
*
	"v0= )+*
] 65 V-\fleW[.ope:`na m @nf
B
^n\P\#Xnkgci:$xbxp\p@e:`nyIXgmfficq@`798D: |XI`S@ kIZOe:\6J| cd\_^I`gc ^n\#X4v'\#X[Z]s ` c s @ k(i
] 
4
VHXX"kns kIlo:$o[mqcd\fle:` c)|"y:eixpXgm 30303333003303333333033 O
] ffiA :$o[mqcd\fle:` c s @k`^bXRpXnh m333030303333003303333333033 1E
] IE >Z@ h Z]s kIl h'epm X[Z-@k|?ypeOxIXgm 30303333003303333333033 ]
]=YE65 :-h l1@O\Ps c ybu 333030303333003303333333033 ]
]=YE
4
:$xbxnh}s `IeIcds @ k[m233030303333003303333333033 O
] ffi] FffyIX|"y:eixpX;|"x:ep`IX 333030303333003303333333033 i
]=I]=65 |"s ,[X 003333030303333003303333333033 i
]=I]=
4
Mj@O\PxiyO@th @ilgJ 33030303333003303333333033 PO
]   v'\@opeOons}h s c s Xgm @bfH|?ypeOxIXgm 030303333003303333333033 P
4
]=  65
B
@ u;xi^gcjeIc s @k 3030303333003303333333033 P
4
]=  
4
:$xbxnh}s `IeIcds @ k[m233030303333003303333333033 PA
]   V-s m `b^[mjm s @k3003333030303333003303333333033 P]
) zk )u) ,(+!o, .-ff fiffi	?	0/ 1+2
n_ _ '""
 
 '
*
*+2
_(,?
* *
 (,"fiI!
*
'
*
*+*
:ffi65 ffflfi VGm \p:w003333030303333003303333333033 i
:ffi
4
ffflfi |%5S] 003333030303333003303333333033 5p
4
:ffiffiA 345flfiHogc ^(h h XIe:ZbXL\0333030303333003303333333033 5p1]
:ffiIE ]"6 U7%F 7 @nf=M|
4
7H8D: lbXnk@ uX 03333003303333333033 5p1P
:ffiffi] iVD< \s oO@5,JOuX 3333030303333003303333333033 5(55
$9	a'"
*   
:ffi  FiE cqZ	lbXnkpX	s kgc \@ kC30033330303033333330333333 55SE
:ffi  5z < U
4
h XpepZiXL\ 0330033330303033333330333333 55I
:ffiffiP A 6YU7%FL7c@nfGeih f_ebh fPe{uL@im ebs `LRbs}\_^[m :eMN< 7H8D: 333330333333 5
4

:ffi    ffflfi @xIXL\@ k 30033330303033333330333333 5
4
A
:ffi65p   ffflfi yO@a330330033330303033333330333333 5
4

:ffi65(5 ffi  !#$+
fi%flfi !{\Ps o(VCh XIe:ZbXL\033330303033333330333333 5
4

:ffi65
4
ffi  !#$+
fi%flfi !CJixpe: h XIe:ZbXL\ 33330303033333330333333 5SA
4
:ffi65OA   ffflfi  !	 h XIe:ZbXL\030033330303033333330333333 5SA(]
:ffi65SE zk[cqXL\_kpeihOcd\fleOk[m `L\Ps opX[Z{mgx:ep`IXL\ @nf5xp\ XU \ 7H8D: m3s kffJ XpeImqc 3330333333 5SA(P
:ffi65O] ^bXIe:ZbXn\9@nf
  !	H@ xIXL\@k4s k ffi  !#$
fi%flfi ! 033333330333333 5\E5
= ,2)`) ,(
*
, /0fi 2''
,
*
v
	 e	flfi 
 
" 
s &
hHQ5 W\fleOu;u0eL\ m5f
@O\ v \ XIZ]s ` c s @kj@bf
B
eOkO@kns `Ieih 798D: | cd\_^I`gc ^n\#Xgm 0333333 5\E]
hH
4
l"RLebh ^peIcds @ kG:-h lbXboI\flepm 0033330303033333330333333 5S]5
hH
4
65 | cd\_^I` c ^n\#Xul"kb^bu0XL\fle[c s @k 0303033333330333333 5S]5
hH
4

4
v'\#X c c J{v'\Ps kgc s kIl U<$s Xnkikpe 8;@nc eIcds @ k 333330333333 5S]
4
hH
4
ffiA M s kns u;^bu >\#X[X`l"kIXL\#lgJ
B
eih `n^nh eIcds @ k 3333330333333 5S](A
hH
4
IE |?ypeOxIXgmC8;@bcjeIc s @ k 3330303033333330333333 5S](]
hH
4
ffi] |?ypeOxIXN:-k:ebh JIm s m 33330303033333330333333 5S]O
hH
4
  | cd\_^I` c ^n\#X
B
@ ^bk[cds kIl 330303033333330333333 5IO
hH
4
  v=e:\ cds cds @ k`>]^bkp` cds @ k
B
eih `n^bh eIcds @ k 033333330333333 5I?5
hH
4
ffiP v'\@iZ ^I` ce:5h liXnoI\fle 3330303033333330333333 5IA
*
,2'-	"v0=
*
&,2_ '
*
ff)
&
 $9	a'"
*
 
  

	 
5i65 h'epZth eOkIZnmepm.eOkX

eOu;xnh Xf
@O\e4\_^IlblbX[Z h eOkIZnm `peixpXi3330333333
4
4
65 Vw@iltu3epmffs k4uL@th X[`n^nh e:\ ons @ h @OlgJ ffi30303033333330333333 E
4

4
F)ypX4opepm Xgm)eOkIZc ypX3mg^Ilie:\QU xbyO@imgxbypeIcjX{ope:`naLoO@kIXG@bf798D: eOkIZrVe8D:=333 ]
4
ffiA 798;:m X[`S@ kpZie:\6Jmqc \_^I` c ^n\#XXLh XbuXnkgcqmI 3033333330333333 
A 65 Ff[H@ Z]s uXnk[m s @ kpeih \ XbxI\#Xgm Xnk[cjeIc s @ kImfff @i\i798;:m X[`S@ kpZie:\6J;mqc \P^p` c ^b\ XO333 5
4
A 
4
l

ep`gcHeOkIZeOxbxI\@

s u0eIcqXffimqc \Ps kIl\#Xnxp\#Xgm Xnkgc eIcds @ k[m-f
@O\D7H8D:,m X[`S@kIZie:\6Jffmqc \_^I` c ^n\#Xi 5SA
A ffiA |?a X cj`nyG@nfYc yIXXnkpXL\#lgJ h eOkIZbm `IeOxIXeOkIZAs c mXnkIXL\#lgJ ope:\P\Ps XL\ mI 0333333 5I
A IE VHX[`S@u;xO@im s c s @ k @nfGe u;^nh cds h @@xG@nfGZiX[l]\#X[XGE
 mg^I`byepmffs k3c\7H8D: mI3333
4
5
A ffi] h'e:\P\s XL\c \ XIXG@nfc yIX3mqc \P^p` c ^b\ Xmgxpe:`[XG@nfc yIX|?xnh}s `[X[Z ^bXIe:ZbXL\9@bf  45fl  !   	i A?5
E=65 MX[`nypeOkns mgu @nfHeIc cqXbkb^peIcds @ kOR330303033333330333333 A]
E=
4
|?a X cj`nyG@nfYc yIX3mqc \_^I` c ^n\#Xmgxpe:`[XG@bfGe`S@kgf
@O\_u0eIc s @ k:ebh]m [s cj`nyO 33333 AO
E=ffiA V-s mqc eOkI`[X4xnh @ncqmf
@O\Yem [s cj`ny;eOkIZ e4k@ kU<m [s cj`nyO 33330333333 AP
E=IE v'\#X[Z]s ` cjX[Z{`S@kgf
@O\_u0eIc s @k[mf
@O\Y|"xnh s `[XIZd^bXIe:ZbXn\;@bf  5%% !   	i 3333 AO
E=ffi] l

eiuxnh XLR:eih s ZieIc s @ k{xnh @bc 33330303033333330333333 AO
E=  V-s mqc eOkI`[X4xnh @ncqmf
@O\xbyIXI|2U xbyIXSFU|:'cEcjXnkb^peIcq@O\  3333330333333 E
4
E= 
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\%:'c cqXnki^peIc @O\<3033333330333333 E(A
E=ffiP < eih}s ZOe[c s @k{xnh @nc$f
@O\HxiyIXI|2U xbyIXSFU|:c cjXnkb^peIcq@i\<3333330333333 EE
E=  V-s mqc eOkI`[X4xnh @ncqmf
@O\Y|"xnh s `[XIZd^bXIe:ZbXn\  03033333330333333 E(]
E=65p
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\|?xnh}s `[X[Z ^bXIe:ZbXL\< 33333330333333 E
E=65(5 l

xIXL\Ps u0Xnkgc ebh h JGR:XL\Ps XX[Z4mqc \_^I` c ^n\#Xgm.f @i\|"xbh}s `IX[Zd^bXpepZiXL\< 30333333 E
E=65
4
< eih}s ZOe[c s @k{xnh @nc$f
@O\|?xnh s `[X[Z ^bXIe:ZbXL\< 03033333330333333 EO
E=65OA V-s mqc eOkI`[X4xnh @ncqmf
@O\'cqX c \fleOy\JiuXbkpel]\@^bx z s k[cd\@ k"33330333333 E
E=65SE
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\cjX c \#eOy\JOuXnkpel]\@ ^ix z s kgc \@ kO 30333333 ]O
E=65O] < eih}s ZOe[c s @k{xnh @nc$f
@O\cjX c \fleiySJiuXnk:el]\@ ^ixAzs kgc \@ kO 3330333333 ]O
E=65p V-s mqc eOkI`[X4xnh @ncqmf
@O\ 5z <05h XIe:ZbXL\<00303033333330333333 ]?5
E=65I
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\ 5z <e5h XIe:ZbXL\< 033333330333333 ]
4
E=65OP l

xIXL\Ps u0Xnkgc ebh h JZiX[Zt^I`[XIZ mqc \P^p` c ^b\ X[m.f
@O\ 5z <9UW5h XIe:ZbXL\< 330333333 ]A
E=65p < eih}s ZOe[c s @k{xnh @nc$f
@O\ -z <e5h XIe:ZbXL\<'0303033333330333333 ]A
E=
4
 V-s mqc eOkI`[X4xnh @ncqmf
@O\'c yns M h XpepZiXL\<,0303033333330333333 ]]
 ]    ] ffi*
 	"v 
 
fl
'
*
E=
4
5
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\c yns M h XpepZiXL\<!3003303333333033 ]O
E=
4(4
< eih}s ZieIcds @ k xnh @ncffif
@O\'c yns M h XpepZiXL\<03333003303333333033 ]i
E=
4
A V-s mqc eOkI`[X4xbh @ncqmffif
@O\uX cSl h XIe:ZbXL\<G03333003303333333033 ]P
E=
4
E
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Hu0X cSl h XIe:ZbXL\< 3003303333333033 ]O
E=
4
]< eih}s ZieIcds @ k xnh @ncffif
@O\uX cSl h XIe:ZbXL\< 3333003303333333033 ]O
E=
4
 F \#X[X;eih}s ltkbuXbkgcffiZ]s mqcjeOkI`IX4xnh @bc-f @i\yb^bu3eOk 7
4
mgk798D:G333333033 i
E=
4

B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Hyi^bu0eOk 7
4
mgk(798D:53303333333033 fl5
E=
4
P :-h cjXL\_kpeIcqXmqc \_^I` c ^n\#Xgm.f @i\D:'cEcjXnkb^:e[cq@O\< 33003303333333033 1]
] 65 8;@bcjeIc s @k[m0@nf=798;: xI\Ps u3e:\6J  <e  -eikpZ	m X[`S@ kpZie:\6Jmqc \_^I` c ^n\#X  jo  K  X   C3 
4
] 
4
l

eOu;xnh Xmgy@O[s kIl	c yIXZ]s 'XL\#XnkgcffeOo[mqcd\fle:` c s @k4h XR:XLh mI 3333333033 ]
] ffiA v'\#X[Zts ` cjX[Z ! 5 
5!f @O\ 	  ff5 $	
fi # 
 		fffi !;cS798;:;U eih e],33033 i
] IE v'\#X[Zts ` cjX[Z ! 5 
5!f @O\ 5z <e5U h XIe:ZbXL\< 333003303333333033 P
] ffi] v'\#X[Zts ` cjX[Z ! 5 
5!f @O\Hyb^iu0eOk 7
4
mgk798D:003303333333033 O
]  
B
@ u;x:e:\Ps ma@ kG@bff
@ h Z]s kIl mgxpe:`[XeikpZ	mgypeOxIX3mgxpe:`[Xiffi303333333033 P?5
]     
5! @nfYc yIX0c yn\#X[X	uL@imqc)xI\@opeOonh X;mgypeOxIXgmn@nf c yIX  
+		ff5fi !c\7H8D:;U eih e PA
] ffiP   
5! @nfYc yIX0c yn\#X[X	uL@imqc)xI\@opeOonh X;mgypeOxIXgmn@nf c yIX :'c cqXnki^peIc @O\<)33033 P1E
]     
5! @nfYc yIX0f @ ^n\uL@imqc)xI\@ o:eiobh Xmgy:eixpXgmn@nf Znm \p:3333333033 P]
] 65p  
5! @nfc yIX0f
@^n\uL@bmqc.xp\@ opeOonh XmgypeOxIXgmn@bfc ypX    	4!{h}s kU|E xp\#X[`n^n\ ma@O\< P]
:ffi65 V-s mqc eOkI`[X4xbh @ncqmffif
@O\Znm \p:ffiH030303333003303333333033 i
:ffi
4 B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\ Zbm \6: 03333003303333333033 5pi
:ffiffiA
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\ Zbm \6: 03333003303333333033 5pi
:ffiIE
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\ Zbm \6: 03333003303333333033 5pi
:ffiffi] < eih}s ZieIcds @ k xnh @ncqmf
@O\Znm \p:ffi 30303333003303333333033 5pfl5
:ffi  V-s mqc eOkI`[X4xbh @ncqmffif
@O\ mO5S]  030303333003303333333033 5p
4
:ffi 
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\'mO5O] '303333003303333333033 5p1A
:ffiffiP
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\'mO5O] '303333003303333333033 5p1A
:ffi 
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\'mO5O] '303333003303333333033 5p1A
:ffi65p/< eih}s ZieIcds @ k xnh @ncqmf
@O\ mO5S] ?030303333003303333333033 5pZE
:ffi65(5 V-s mqc eOkI`[X4xbh @ncqmffif
@O\ogc ^h h XpepZiXL\<403333003303333333033 5p1]
:ffi65
4 B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Ho[c ^(hh XIe:ZbXn\  3003303333333033 5pi
:ffi65OA
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Ho[c ^(hh XIe:ZbXn\  3003303333333033 5pi
:ffi65SE
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Ho[c ^(hh XIe:ZbXn\  3003303333333033 5pi
:ffi65O]r< eih}s ZieIcds @ k xnh @ncqmf
@O\ogc ^h h XpepZiXL\<(3333003303333333033 5pb
:ffi65pyV-s mqc eOkI`[X4xbh @ncqmffif
@O\uffm
4
] 6YU7%FL7G 3333003303333333033 5p1P
:ffi65I
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Hum
4
] 6YU7%FL7 $3003303333333033 5pi
:ffi65OP
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Hum
4
] 6YU7%FL7 $3003303333333033 5pi
:ffi65p
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Hum
4
] 6YU7%FL7 $3003303333333033 5pi
:ffi
4
/< eih}s ZieIcds @ k xnh @ncqmf
@O\uffm
4
] 6YU7%FL7GH3333003303333333033 5(5I
:ffi
4
5 V-s mqc eOkI`[X4xbh @ncqmffif
@O\ iV%< \Ps oO@ff,JiuXO 333003303333333033 5(55
:ffi
4(4 B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\  V%< \Ps oO@ff,JiuXi?003303333333033 5(5
4
:ffi
4
A
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\  V%< \Ps oO@ff,JiuXi?003303333333033 5(5
4
:ffi
4
E
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\  V%< \Ps oO@ff,JiuXi?003303333333033 5(5
4
  ffi*
n	"v 
 
 
'
*  ]   
:ffi
4
]/< eih}s ZOe[c s @k{xnh @ncqmffif
@O\  V%< \Ps oO@ff,JiuXi03033333330333333 55OA
:ffi
4
 V-s mqc eOkI`[X4xnh @ncqmf
@O\;FiE	cjZ4lbXnkIX	s kgc \p@kO 033333330333333 55SE
:ffi
4

B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\DF E4cqZ	lbXbkIX	s k[cd\@ k;333330333333 55O]
:ffi
4
P
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\DF E4cqZ	lbXbkIX	s k[cd\@ k;333330333333 55O]
:ffi
4

B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\DF E4cqZ	lbXbkIX	s k[cd\@ k;333330333333 55O]
:ffiffiA < eih}s ZOe[c s @k{xnh @ncqmffif
@O\DF E4cjZliXnkIX	s kgcd\@kO3033333330333333 55p
:ffiffiA5dV-s mqc eOkI`[X4xnh @ncqmf
@O\ 5z <
4
h XIe:ZbXL\<00303033333330333333 55I
:ffiffiA
4cB
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\ 5z <
4
h XIe:ZbXL\< 033333330333333 55OP
:ffiffiA(A
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\ 5z <
4
h XIe:ZbXL\< 033333330333333 55OP
:ffiffiAE
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\ 5z <
4
h XIe:ZbXL\< 033333330333333 55OP
:ffiffiA(]/< eih}s ZOe[c s @k{xnh @ncqmffif
@O\ -z <
4
h XIe:ZbXL\< 303033333330333333 55p
:ffiffiA V-s mqc eOkI`[X4xnh @ncqmf
@O\D:MG< A 6YU7%FL7 .303033333330333333 5
4

:ffiffiAO
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\%:eMN< A"6YU7kF 7  33333330333333 5
4
5
:ffiffiA(P
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\%:eMN< A"6YU7kF 7  33333330333333 5
4
5
:ffiffiA
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\%:eMN< A"6YU7kF 7  33333330333333 5
4
5
:ffiIE] < eih}s ZOe[c s @k{xnh @ncqmffif
@O\%:eMN< A 6YU7%FL7  03033333330333333 5
4(4
:ffiIE5dV-s mqc eOkI`[X4xnh @ncqmf
@O\  @ xIXL\@k{u 7H8D:ffi 3033333330333333 5
4
A
:ffiIE
4cB
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\  @xIXL\@ k u 7H8D:ffi 333330333333 5
4
E
:ffiIEA
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\  @xIXL\@ k u 7H8D:ffi 333330333333 5
4
E
:ffiIE(E
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\  @xIXL\@ k u 7H8D:ffi 333330333333 5
4
E
:ffiIE]/< eih}s ZOe[c s @k{xnh @ncqmffif
@O\  @ xIXL\@k{u 7H8D:ffi 033333330333333 5
4
]
:ffiIE] V-s mqc eOkI`[X4xnh @ncqmf
@O\yO@ abC33330303033333330333333 5
4

:ffiIE
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\HyO@ab 30303033333330333333 5
4

:ffiIEP
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\HyO@ab 30303033333330333333 5
4

:ffiIE]
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\HyO@ab 30303033333330333333 5
4

:ffiffi] < eih}s ZOe[c s @k{xnh @ncqmffif
@O\Hy@ ab 3330303033333330333333 5
4
P
:ffiffi]5dV-s mqc eOkI`[X4xnh @ncqmf
@O\H\s o(V h XIe:ZbXL\< 0303033333330333333 5
4

:ffiffi]
4cB
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\G\Ps oV h XIe:ZbXL\<3033333330333333 5SA
:ffiffi](A
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\G\Ps oV h XIe:ZbXL\<3033333330333333 5SA
:ffiffi]E
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\G\Ps oV h XIe:ZbXL\<3033333330333333 5SA
:ffiffi](]/< eih}s ZOe[c s @k{xnh @ncqmffif
@O\G\Ps o(VCh XIe:ZbXL\< 0303033333330333333 5SA5
:ffiffi] V-s mqc eOkI`[X4xnh @ncqmf
@O\%Jixpe: h XIe:ZbXn\ ;0303033333330333333 5SA
4
:ffiffi]O
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\kJix:eO: h XIe:ZbXL\< 033333330333333 5SA(A
:ffiffi](P
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\kJix:eO: h XIe:ZbXL\< 033333330333333 5SA(A
:ffiffi]
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\kJix:eO: h XIe:ZbXL\< 033333330333333 5SA(A
:ffi O < eih}s ZOe[c s @k{xnh @ncqmffif
@O\kJOxpe: h XIe:ZbXn\  303033333330333333 5SAE
:ffi ?5dV-s mqc eOkI`[X4xnh @ncqmf
@O\Hh JIm
B
h XIe:ZbXL\< 0303033333330333333 5SA(]
:ffi 
4cB
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\Gh JIm
B
h XpepZiXL\<Y3033333330333333 5SA
:ffi A
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\Gh JIm
B
h XpepZiXL\<Y3033333330333333 5SA
:ffi 1E
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\Gh JIm
B
h XpepZiXL\<Y3033333330333333 5SA
:ffi ]/< eih}s ZOe[c s @k{xnh @ncqmffif
@O\Gh JIm
B
h XpepZiXL\<0303033333330333333 5SAO
:ffi O V-s mqc eOkI`[X4xnh @ncqmf
@O\%J XIepmqc0zYF$|
4
 0303033333330333333 5SA(P
:ffi i
B
@k[m Xnk[mg^Im)mqcd\_^I`gc ^n\#Xgmf @O\kJgXIepmqc3zYF$|
4
 3033333330333333 5SA
 ]    ] ffi*
 	"v 
 
fl
'
*
:ffi P
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\kJgXIepmqc0zYF$|
4
33003303333333033 5OAO
:ffi O
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\kJgXIepmqc0zYF$|
4
33003303333333033 5OAO
:ffi /< eih}s ZieIcds @ k xnh @ncqmf
@O\%J XIepmqc0zYF$|
4
03333003303333333033 5SE
:ffi 5 V-s mqc eOkI`[X4xbh @ncqmffif
@O\Hh XIe:ZbXL\ @bf-xgcqmgW 5z  33003303333333033 5SE5
:ffi 
4 B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Gh XIe:ZbXL\ @nf$xgc mgW -z ?03303333333033 5SE
4
:ffi (A
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Gh XIe:ZbXL\ @nf$xgc mgW -z ?03303333333033 5SE
4
:ffi E
B
@ k[m XnkImg^[m.mqcd\_^I`gc ^n\#Xgm)f
@O\Gh XIe:ZbXL\ @nf$xgc mgW -z ?03303333333033 5SE
4
:ffi (]r< eih}s ZieIcds @ k xnh @ncqmf
@O\Hh XIe:ZbXL\ @bf5xgc mgW -z 33003303333333033 5SE(A
 
  V

A 65
B
@u;xpeL\s ma@ k @nfHc ypX;mqc \_^I` c ^n\#Xmgx:ep`IXm s ,[Xgm.f @i\ fXIepm s obh X 
'`IeOkO@ kbs `Ieih=eOkIZ m eIc|U
^n\fleIcqXIZ4mqcd\_^I`gc ^n\#XgmI 30033330303033333330333333
4

E=65 
	 eOkpeih JIm s m0\ X[mg^nh cqmf
@O\a:k@O[.km [s cj`nyIX[mI 33330333333 1A
E=
4

	 eOkpeih JIm s m0\ X[mg^nh cqmf
@O\ m [ffis cq`byZbX[l]\fle:ZieIcds @ kO-3330333333 ZE
E=ffiA 
	{eOkpeih Jpm s m3\#Xgmg^nh c mfff
@O\ e:\_ons c \fle:\6Jm Xt^pXnkI`[Xgm 
 \fleOkIZ1@ u m Xt^IXbkI`[XgmeOkIZ
yb^bu3eOkffA"6YU7kF 7mI 30033330303033333330333333 ZE
E=IE :`[`[Xgmjm s @ kkb^bu;opXL\ mw@bfc yIX0yb^iu0eOkA"6YU7kF 7m9[ffis c y3xO@im s c s RpX 
+	 	xp\#X[Z]s ` cds @ k[mI{i
   O    ffi*
n	"v .%, '"fiffi'
*
           

  	V


F)yIXeOkpeih JIm s mw@bf 7H8D:Rm X[`S@ kpZie:\6J)mqcd\_^I`gc ^n\#X3ypepm$oIX[`S@uXuL@O\#XffieOkIZuL@O\#X.s u;xO@O\ cjeOkgcc yn\@ ^pltyU
@ ^gcffic ypX4h epmqc)ZbX[`pepZiXgm0eIfflcjXL\ s c[eIm3\#X[`O@iltkns m X[ZAc ypeIcN7H8D: Z1@OXgm;k@nc0@ knh Jm XL\6RpX	epmffe{x:eImjm s RpX
uXgmjm XnkplbXL\ u 798;:  
 ob^gcffieih ma@	epme0fE^bkp` cds @ kpeihO`O@ u;x@ ^bkIZo@bf c yIX0`[XLh h 0>]^b\ c yIXL\_u @i\#X 
?s c[eIm
XLh ^I`ns ZieIcjX[Z c ypeIc;u3ebs knh J	c yIX	mqc \P^p` c ^b\ X \fle[c yIXL\c ypeOk	c ypX	m Xt^IXnkp`[X ZiX cqXn\Pu;s kIX[m3c yIXf ^bkI` c s @k
@nfmg^I`ny kO@ k\U xI\@ncjXLs kUE`S@iZts kIl 798;:ffiF)ybs muXIeOk[m.c ypeIcc [H@ 798D:(uL@ h X[`b^nh XgmL[.yns `by2ypeORpX h @[
m Xt^IXnkp`[Xm s us}h e:\Ps c J ob^[cyns ltymqc \P^p` c ^b\ Xm s us h e:\Ps c Je:\#Xh}s adXLh Jcq@ ypeORpXem s us h e:\'fE^bkp` cds @ kO
F)ypX xI\#X[Z]s ` c s @ k @nfj7H8D:m X[`S@ kpZie:\6J mqcd\_^I`gc ^n\#X s m o:eIm XIZ @ k xpe:\fleOuX cjXL\ mc ypeIc ypeORpXRoIXIXnk
uXIepmg^n\#X[Z fi% fi3
 ]=Fffyns m;\#Xgmg^nh cqms k \fleIc yIXn\YmqcjeIc s ` x:e:\fleiu0X cjXL\ m 
=c ypeIc.Z1@*kO@nc0s kI`O@i\_xO@O\fleIcqXc yIX
ZgJikpeOus ` `ny:eikplbX @nfXnk\Rbs \@ kbu0Xnkgc`@i`I`n^n\P\Ps kIl s k h}s Ris kIl @O\ lOeikbs mguffmI 8X\RpXL\ c ypXLh Xgmjm 
ffic yIX ^[m X
@nfc ypXgm X xpe:\fleOuX cjXL\ m 
Gc y:e[ceL\ XAmg^buu0e:\Ps m X[Z s kAc yIX XnkpXL\#lgJ uL@OZbXLh 
lieORpX`R:eih ^:eiobh XR\#Xgmg^nh c m 

XgmgxIX[`Ls eih}h J f
@O\ mgyO@O\ c0m X ^IXnkI`[X[mIA| XRpXn\#eih\ X\X"kIXnuXbkgc m3c yn\@ ^pltyO@ ^[cc yIX JgXIe:\ m	s u;xp\p@1RpX[Z c yIX
xI\#X[Z]s ` c s @ kIm 
 ob^gc5mqc s}h}hLc yIX0`Ieih `n^nh eIcqX[Z`@ xgc s u3ebhLmqc \P^p` c ^b\ Xs mffkO@bc-lt^pe:\fleOkgcjX[X[Zcq@	`S@O\\#Xgmgx@ kIZ	cq@
c yIXffkpeIcds RpX@ kIXi$zk-c yns m `Iepm X 
eikpZZt^pX5cq@)c yIX-fPe:` c c ypeIcc yIXkpeIcds RpX5mqc \_^I` c ^n\#X0s mfPXIepm s onh X^ikIZbXL\
c yIX;XnkIXL\#lgJAuL@iZiXLh 
s c0s m)`O@ u;u @ k	xp\#e:` c s `IXcq@{e:ZbZ]s cds @ kpeih}h J `Ieih `n^nh eIcqX;mg^boO@ x[cds u0eihmqc \_^I` c ^n\#Xgm
eikpZ s kI`O@i\_xO@O\fleIcqX c yIXgm X s k4c yIX4mqc ^IZgJg`FffyIX m X cN@nfebh h mg^bo@ xgc s u3ebhmqc \P^p` c ^b\ X[m s m	\#X fPXL\P\#X[Z cq@
eIm5c yIXmqc \P^p` c ^b\ X3mgx:ep`IX 
2[.yns `nyep`gc ^peih h J	yO@th Znm-c yIX;s kgf @O\Pu3eIcds @ k	kIX[X[ZiX[Zc @	eOk[m [GXL\ t^IXgmqc s @k[m
mg^I`nyepm	5z m c yIX0@ x[cds u0eihImqc \P^p` c ^b\ X0eih ma@3c yIX3kpeIc s RpX0@kIX
r:5\#Xffic yIXL\#Xu @i\#X$c ypeOkn@ kIX.mqc \_^I` c ^n\#X
eik-7H8D: uL@ h X[`n^bh X`IeOk;e:Z1@xgc
 ;@[ [GXLh}h UEZbXX"kIXIZ s m$c yIXN@xgcds u0eihbmqc \P^p` c ^b\ X

Me @O\-xp\@ onh Xnuffms k;c ypXeOkpeih Jpm s mL@bfGc yIXmqcd\_^I`gc ^n\#Xmgxpe:`[X	e:\#X s c mm s ,[XeikpZ s c m)mgy:eixpXi FffyIX
kb^bu;opXL\@bfmg^ioO@ xgc s u3eih[mqcd\_^I` c ^n\#Xgms mGX

x@ kIXnk[cds ebhOs kffic yIXffim Xt^IXnkp`[X3h XbkIlLc y 
[.yns `nyu0XIeOk[mc ypeIc
f
@O\-m Xt^pXnkI`[Xgmo@bf0u @iZbXL\fleIcjX h XnkIlLc yAc yIX m s ,[X t^ns `na:h J X

`[XIX[Znmm XRpXL\fleihons}h h}s @kO hXgm s ZbX[mc yIX
m s ,[X 
"c yIX	eOxbxIXIeL\#eOkI`IX-@nfc yIXmqcd\_^I` c ^n\#X	mgxpe:`[X	`S@u;xnh s `IeIcjXgm;s c mmqc ^pZgJ  F)ypXmqc \_^I` c ^n\#X	mgxpe:`[X
`IeOkoIXs u0e:l]s kIX[Zepm-e\@ ^Iltyh eOkIZbm `IeOxIXL[ffis c ynR:eih}h X\JIm 
yO@th Z]s kpl{h @i`IeihZ@ xgc s u3eihImqcd\_^I`gc ^n\#Xgm 
m XnxU
e:\fle[cjX[Z*o JAuL@^bkgc ebs k[meOkIZ m e:ZbZ]h X[mILFffyns m;h eOkIZnm `peixpXAs mkO@bc.mguL@@bc y ob^gc)`Lh s  J eOkIZ `O@ u;xbh X

_m X[Xj>s lt^n\#Xo5i65  
[.yns `nyxI\#XRpXbkgc m-c ypXffZbXR:XLh @xbuXnk[c @nf exp\fle:` cds `IeihieikpZ;mqc s}h hOs kgc ^bs c s RpX Rbs mg^:ebh s U
m e[c s @kO-z k)lbXnkIXn\#eih 
c yIX0s kgcjXnkgc s @ k @nf"mqc \_^I` c ^n\#X)mgxpe:`[XffeOkpeih JIm s mffis mffikO@bc-s cqmwRbs mg^:ebh s m eIc s @ k 
ob^gc-s c m
`S@ uxnh X

s c J eih ma@,y:eiuxIXL\ m;eOxbxp\p@e:`nyIXgm;c @ ZiXL\Ps RpX{mgxIX[`Ls X`4fXpe[c ^n\#Xgm4yns ZbZbXnk*s k	c yIX4mqc \_^I` c ^n\#X
mgxpe:`[Xi VHXgmgxns cjX	c yIXgm X xp\@ onh Xnuffm 
'm XRpXn\#eih c @(@th m3X

s mqcffc ypeIc0eOkpeih JIm Xc yIX4`S@u;xnh X cqX	mqc \_^I` c ^n\#X
mgxpe:`[X/@O\.eIc h XIepmqc	e,x:e:\ c @nfs ccq@ eikIm [GXL\c ypX e[f @O\ XbuXnkgc s @kIX[Z  ^IXgmqc s @ kImI :-u @ kIl*c yIXgm X
e:\#X-[.yns `ny4xI\@OZt^I`[Xgm0e3mg^bo[m X ce@nfGeih}h x@bmjm s obh Xmqc \_^I` c ^n\#Xgmffe:`[`S@O\#Z]s kIl c @4ec yn\#Xgmgy@th Z`@nf
  	"O
 
	

 
  'c  6

h'epZth eOkIZnm;epmeOk	X

eOu;xnh Xf
@O\ e2\_^IlblbX[Z h eOkIZnm `peixpXi-Fffyns m	xns ` c ^b\ X{mgyO@ ^bh Z lts RpX
eik s u;xp\#Xgmjm s @k @k c yIX `S@u;xnh X

s c J @nfc yIX mqcd\_^I`gc ^n\#X*mgxpe:`[Xd@bf 7H8D:
9[.yns `ny s m X\RpXnk u @O\ X
`S@ uxnh X


mqcd\_^I` c ^n\fleih"m s u;s}h eL\s c J 
    [.yns `ny m eOuxnh Xgmc yIX{mqcd\_^I`gc ^n\#Xgm s k2eRxp\p@opeOons}h s mqc s ` f_epmgyns @k eOkIZ
xI\@ZRis ZbXgm0e u0X c y@iZc @2s ZbXnk[cds f Jeih cjXL\_kpeIc s kIl{mqcd\_^I` c ^n\#Xgm 
 	
	 Acq@2xI\@OZt^I`[X	eih}himg^bo@ xgc s U
u0eihbmqcd\_^I`gc ^n\#Xgmn[ffis c ybs k;el]s RpXbk;XnkIXL\#lgJ;c yn\#Xgmgy@th Z 

 cq@As ZbXbkgcds f JGRLebh h XJpm 
?u @ ^bkgc eis k[m
eikpZ	m epZiZ]h Xgmn@bfYc yIX3mqcd\_^I`gc ^n\#X	h eOkIZnm `IeOxIX 
"eOkIZo@bc ypXL\ mI
MGJ-`S@ k[cd\Ps oi^gcds @ kcq@.c yns mHe:\#XIe@nf?\#Xgm Xpe:\#`ny0s mc [H@bf
@ h Z >s}\ mqc 
 zLxp\#Xgm Xnkgc   	 jxI\#X[Zts ` c s @k
@nf5ebh cqXn\Pk:e[c s kplc798D: m X[`S@kIZie:\6J4mqcd\_^I`gc ^n\#Xgm 0[.yns `nyf
@i`b^[m XgmL@k;c yIXZbX cjX[` c s @k @bf`O@ kgf @i\_u3e\U
cds @ kpeih m [ffis cq`byIXgmGeOkIZffeOkpeih JIm Xgmc yIX mqc \_^I` c ^n\#X-mgxpe:`[X)opepm X[Z @k)xpeis}\6[s m Xffi`S@ uxpe:\Ps ma@k[mI   	
ypepmffiopX[XnkffeOR:eis}h eiobh X.m s kI`[XC5pibeOkIZ z:`S@^nh Z4s u;xp\@ZRpX0s c mffixp\ XIZ]s ` c s R:XxO@[GXL\"epm9[HXLh}h:epm$s cqmGmgxpX[X[Z
[ybs `ny u0e:ZbX xO@bmjm s onh X em JImqcjXnu0eIc s `XR:eih ^peIc s @kOjV$^n\Ps kIl c yns mXRLebh ^peIcds @ kAs cc ^n\_kIX[Z @ ^[cffic ypeIc
 	  `IeOk{XRpXbk oIX2^[m XIZ2cq@ s ZbXbkgcds f JRuL@O\#Xc ypeOk4c [w@ `S@u;xIX c s kpl2mqcd\_^I`gc ^n\#Xgm	eOkIZ,yIXnkp`[X
lbX c$eZbXIXnxIXL\Hs k[m s ltygc)s kgcq@c yIXmqc \P^p` c ^b\ X0mgxpe:`[XO F)yIXm X[`S@kIZc @(@thz s kgc \@iZt^I`IXs m 	   
[ybs `ny4f_e:`Ls}h s c e[cjXgmZ]s XL\#Xnkgc4a:s kIZbm @bfffieOkpeih JIm XgmIjF)ypX ebh l1@O\Ps c ybu u0eOa Xgm^[m Xo@nf$eOo[mqc \fle:` c;\#XnxU
\ X[m Xnkgc e[c s @k[mL@bfYc yIX3m X[`S@kIZie:\6J	mqcd\_^I` c ^n\#Xcq@ `S@u;xb^[cqXN@knh Jc yO@bm Xc ypeIc.e:\#X4uL@O\_xbyO@ h @ilts `Ieih}h J
Z]s mjm s us}h e:\ 
's  Xi5eL\ X;`S@ uxO@bm X[Z`@nfHZts XL\#Xnk[cmqc \_^I` c ^n\fleih]XLh XnuXbkgc mI$|tc \_^I` c ^n\#XgmoIXns kIl uL@O\_xbyO@gU
h @ilts `Ieih}h JAm s us h e:\-e:\#X x@@th X[Z s k eA`Lh eImjmG@bf$mqc \_^I` c ^n\#XgmeOkIZ*XIe:`ny{`Lh eImjm s m	\#Xnxp\ X[m XnkgcjX[Z o J s cqm
oIXgmqc)uXbu;oIXL\<9F)yIX;h}s mqc @nf'c yIX[m X;\#Xnxp\#Xgm Xnkgc eIcds RpXgm.l]s RpXgm.e3lbXnkIXL\fleih(@1RpXL\6Rbs X\[ @nf%[.ypeIc.s m c yIXL\#X
s kc yIXmqc \P^p` c ^b\ Xmgxpe:`[XOz ke:ZbZ]s cds @ kcq@{c yns m 
 zs kgc \p@OZt^I`[X eOk4eih l1@O\Ps c ybu&c @A`S@u;xb^gcjX xp\@ opeSU
ons}h s c s XgmG@bfHc yIX4eIf
@O\#XnuXbkgcds @ kIXIZ `Lh epmjm XgmN@bfmqc \_^I` c ^n\#XgmIjF)yns m0l]s RpXgmyns k[c m0cq@*xp\@ xIXn\ c s X[mmg^I`ny
eImffiebh cqXn\Pk:e[c s kplm XI`S@ kIZOe:\6J3mqc \_^I` c ^n\#Xgm Pc [H@;`nh epmjm Xgm=[ffis c ym s u;s}h eL\YxI\@ o:eiobs}h}s cds Xgm ffieOkIZmqc \_^I` c ^n\fleih
[GXLh}h UEZbXX"kIXIZtkIXgmjm  @ kpX`Lh epmjm[s c yffRpXL\6J4yns lty{xI\@ o:eiobs}h}s c J	 
            
     


R    

 	 FV    	 	


@ Q  + fl
 fl+3
K
H' Łff

le:\Ph J{X

xIXL\Ps u0Xnkgcqms k2uL@ h X[`b^nh e:\.ons @th @ilgJ \#XR:XIeih X[Z 
c ypeIc Ve8D: ffiXO@

Jb\Ps oO@?^p`Lh XLs `mffi`Ls Z s m
c yIX `pe:\P\s XL\?@bf c ypX5lbXnkIXgcds `)s kgf
@O\_u0eIc s @ ki[ypXL\#XIepm5xI\@bcqXLs k[mGe:\#Xc yIX5`pe[c eih J[c s `$ep`gcds RpX5`S@u;xO@^bkIZnm
@nf5c yIX4`[XLh h  >Z@O\ 798D: aHs oO@fl0^I`nh XLs `u`Ls Z  
 c yIXo@ kbh J f ^bkI` c s @k h Xgfflc [Hepmffc ypeIc3epme x:eImjm s RpX
cd\fleOk[mgxO@O\ cm JImqcjXnu @nf-lbXbkIX c s ` s kgf
@O\_u0eIc s @ k	fE\@ u Ve8D: c @Ac yIXAxI\@bcqXLs k4fPe:` cq@O\Ps XgmG@bfHc yIX	`[XLh h 

c yIX)\Ps oO@ima@ uX[mI F)ybs m Ris X[ @bf c yIXffi`S@ kI`IXL\ cqX[ZN@xIXL\fleIcds @ k0@nf Ve8D:
 7H8D:ReOkIZxp\p@bcqXns k[m$s m$a:k@O[.k
eIm5c yIX 
B
Xnkgc \#eih?Vw@il u0e@nfuL@ h X[`b^nh e:\Hons @ h @OlgJeOkIZZiXnxns `gcqX[Z2s ko> s lt^n\#X
4
65 <e  $z k 5p1P
4
c yIX
Z]s m `S@1RpXL\6JL@bfe)`IeIc ebh J[c s `G798;: [ffis c yffeff`S@ uxnh X

`byIXnus `Ieihi\#XIe:` c s Rbs c J 
tepm-s c9[Hepm @ knh JaLkO@[kf @O\
xI\@ncjXLs k[m)^bkgc s}h:c yIXnk 
t`ny:eikplbX[Zc yIXeRis X[ @ kj7H8D: (F)ypX3\Ps oO@ima@ u0eih2798D: q\|7H8D: 5uL@ h X[`b^nh Xgm=@nf
c yIX`Ls h}s e[cjX 
		eL\ XX\ mqc m JOkgc ypXgm s m X[Zepmw@kIX0h e:\#lbXxI\#X[`n^b\ ma@O\ [.yns `ny3s mmg^boIm Xt^IXnk[cdh J
`Lh XIeORpXIZAc @Ac yIXAu0eIc ^n\#X{\|7H8D: mI|?^n\_xp\s m s kIlth J 
 c yIXgm X	`Lh XpeSRLepliX \#XIe:` cds @ k[m;eih ma@ cjeOa X xnh ep`IXAs k
eioIm XnkI`[X/@bf)eOk\JRxI\@bcqXLs kO ^ieIcjXL\ffs cN[Hepm;mgyO@[.kAc y:e[c3c yIX*s kgc \@ k m Xt^pXnkI`[X s c m Xnh fff`Ie:\P\Ps X[m4eOk
Xnk,Jiu0XWU h}s a Xff`IeIc eih J[c s `3e:` cds Rbs c Jp5<HF)yIX;h epmqc5ZbX[`Ie:ZbX[m\#XR:XIeih X[ZAuL@O\#XeOkIZ uL@O\#X.f ^bkI` c s @k[me@nf
798D: u @th X[`n^nh XgmoIXgm s ZbXgm)m Xn\QRis kIl epm.e{onh ^IXnxp\s kgc)f @i\ xp\@ncjXLs kbobs @bm JOkgc ypXgm s mI0F%@iZOeWJ;c yIXgm X4k@ kU
`S@iZ]s kIl 798;: m jkp`798D:Gm 
ffioIX[`IeO^[m XAc yIXJ2Z1@ kO@nc;XbkI`S@iZiX eRxI\@bcqXLs k e:\#XRaLkO@[k cq@ x@bmjm Xgmjm
\ XIlt^nh eIcq@O\QJ2f ^bkI` c s @k[m 
h s a X c yIX*\ XI`[Xnkgc h J Z]s m `S@ZR:XL\#X[Zus `L\@ 798D:Gm ju;s 798;: m 
4
 
H`IeIc ebh J[c s `
fE^bkI`gcds @ k[m 
Hh s a Xc yIX eIf
@O\#XnuXnk[cds @ kIX[Z m XLh f U<mgxnh}s `Ls kIl s k[cd\@ kImeOkIZRh s a Xmgu3ebh hkb^I`Lh XIe:\ _mgk \798D:Gm
s k2c yIX mgxbh}s `IXS@bma@uXi :ZbZ]s cds @ kpeih}h J 
ffic yIXJ u3eWJ2m XL\6RpX*epm{e m `Ie k@th Z 
$mg^I`ny,eImA\|798;: m Z1@ s k
\s oO@bma@uXgm eOkIZ s k 7"X c \@ZRbs \P^Im Xgm 798;: s m e:` c ^:ebh h J2c yIX2`Ie:\P\Ps Xn\ @nf.c yIX2lbXnkIXgcds `,s k[f
@O\_u0eIcds @ kO
:5h}hc yIX[m X	fPe:` cqmh X[Z cq@ c yIXAs ZiXIem@nfffieOk XIe:\Ph J  798D: T @O\Ph Z  
;[ypXL\#X 798;: mL[GXL\#X	c yIX4`[Xnkgc \fleih
uL@th X[`n^nh Xgm)f @O\5s kgf @O\Pu3eIcds @ k	mqc @O\fle:lbX 
`IeIcjeih Jpm s m0eOkIZ \#X[lt^nh eIcds @ kO4z kc yIX`O@ ^n\ m X @nfHcds uXm798D:
h @bmqc s cqmGxp\#X[Z1@ u;s kpeOkI`IX 
OepmV8;:
pe)uL@O\#XHmqcjeOonh Xmqc @O\fle:lbXxO@bmjm s ons}h s c J 
OeOkIZ3xp\p@bcqXns k[m 
iepm `IeIcjeih JImqc m
[ffis c y yns ltypXL\ RpXn\ m eIc s}h s c J 
GXnuXn\ liX[Z F)ybs m;Z1@OXgm kO@bc4uXIeOk 
'c ypeIco7H8D: h @bmqc;eih}h's cqm3fE^bkI`gcds @ k[m 

ob^gcffs ci[HepmX[`Lh}s x[m X[Z*o J`Ve8D: eOkIZ xp\@ncjXLs k[mI
zke:ZbZ]s cds @ k 
e:`[`S@O\#Z]s kIl c @;c yIX 
B
Xnk[cd\fleih?Vw@iltu3e .ebh hbZ]s RpXn\ m s c JG@nf c ypXmgxpX[`Ls X[m0u^[mqcoIX3Zt^IX
c @RZ]s 'XL\#XnkI`[Xgm s k{c yIX \#XnxIXL\ cq@ts}\#Xr@bfliXnkIXgmI
B
@ kgc \flepZts ` cq@O\QJ cq@*c yns m 
Yc yIXAlbXnkO@uX{m Xt^IXnkp`WU
s kIl xI\@ X[` cqm \#XR:XIeih X[Z*c ypeIc0c yIXm@ZRpXn\#eih h ki^bu;oIXn\=@nf3xI\@bcqXLs k `S@iZts kIl,lbXbkIXgm s m u^I`ny{mgu3eih}h Xn\
c ypeOk2X

xpX[` cjX[Z eOkIZ*c y:e[c;c yIXRxp\@ncjXLs k `O@iZ]s kIl f<\fle:` c s @kd@nfc yIX2lbXnkO@uX*s m @ kbh J eOoO@ ^gc ] 
: ZiZ]s c s @kpeih}h J 
$c yIXn\ X m X[Xnuffmcq@oIX kO@ `Lh Xpe:\ff`S@O\P\ X[mgxO@ kIZiXnkI`[XopX c [GX[Xnk c ypX2`S@ uxnh X

s c Jd@nf3e
s N
 
	flfiffi	 "!#%$&('")
 ffi*
+!-, /.0&'1	2
!
DNA
RNA
Protein
Translation
Replication
Transcription
 
		fifffl
functional
RNA
mRNA
DNA
Replication
Translation
Protein
Transcription
 ffi
 
	!#"$%	&'	()*+ff!fl

 
  'm 6

F)yIXX

s mqcds kIl Z@iltu3eIm0s k{uL@ h X[`b^nh e:\$ons @ h @ilZJ N798;: [Hepmn@O\Ps l]s kpeih}h J2xp\@ xO@im X[Z c @
m XL\6RpXepm-expepmjm s RpXuX[mjm XnkIlbXL\f@knh J 
ob^gc5X

xIXL\Ps u0Xnkgcqm.\#XRpXIeih XIZc ypeIc07H8D: s m-eih ma@ xpe:\ ci@nf?c yIX
fE^bkI`gcds @ kpeih eikpZA\ XIlt^nh eIcq@O\QJ	`S@ uxO@ ^ikIZnmn@nfc yIX`[Xnh}h 
mgxIX[`Ls Xgm)eikpZc yIX;ki^bu;oIXn\k@nflbXnkIX[m)s ks cqm-lbXbkO@ u0Xi=>]\P^bs c!,s Xgm)ypeORpXfffX[HXL\`S@OZ]s kIl	lbXbkIXgm$c ypeOk
\p@^bkIZg[w@i\_um 
eOkIZ4\Ps `IXxnh eik[c m)y:eSR:XuL@O\#Xffic y:eikyb^bu3eikImI F)ybs m.xb^gcf @i\ c y.c yIX t^IX[mqcds @ k 
"s f?c yIX
\ Xbu0eis kns kIl{] @bfYc ypX-V8;: e:\#X j^[mqc j^ikba n@O\Hs fYc yIXL\#X	s mRbs c eihts kgf @i\_u3e[c s @k	s k4s cg9:-k:ebh JIm Xgm
mgyO@[GX[Zc y:e[c.xpeL\ cqm=@bfc yns mffkO@kUElbXnkns ` Ve8D:e:\#Xn[GXnh}hb`S@ kIm XL\6RpX[Z e:`L\@bmjmZ]s 'XL\#Xnkgc-mgxIXI`Ls Xgm)eOkIZ
c ypeIch @bmjm0@bfYc ypXgm X	\#X[l]s @ k[mh XIe:Znm.cq@	mgxIX[`Ls X` xbypXnkO@nc JOxIXgm 
mg^I`byepmffi`IeL\ c s}h e:lbX{y:ebs \ y\JixO@xnh epm s e

B
   A <`:-h cq@ilbXgc yIXn\ 
 c yns m4\#Xgmg^bh cqm s kAe  MC@OZbXL\_k
B
Xnkgc \flebh Vw@iltu3e 
D[.yIXL\#X 7H8D: s m;eih ma@
xpe:\ c@bfYc ypXfff ^bkI` c s @kpeihteOkIZA\#X[l ^nh eIcq@i\6J	`[XLh}h]`S@ uxO@ ^ikIZnm 
h}s a X3mgyO@[.k	s k`>s lt^b\ X
4
65  o  


@


Mff 9+3.-	%OH'L 0/ 
798D:Cs mffe{xO@th JiuXL\ @bf c yIX4kb^I`nh XS@bcds ZbXgmff:ZbXnk\Jbh eIcqX  :  
'W ^peOk\Jih eIcqX jW 

B
J[c s ZgJih eIcqX 
B
ffieOkIZ
7Y\Ps ZgJbh eIcjX  7 [ybs `ny;e:\#X`S@kbkIX[`gcqX[Z-Rbs e xbyO@imgxbyO@iZts XgmqcjXL\-oO@kIZnmoIXgc [GX[Xnkc yIXff] 6YU xby@bmgxbypeIcjXWU
eikpZ c yIX A 6YUj~kUEl]\@ ^ixr@nfc ypX{mg^IlOe:\QU xbyO@bmgxiypeIcqX xpe:\ cj@nfffe:Z <e:`[Xnk[c kb^I`nh XS@bcds ZbXgm 
5m XIX >s lt^n\#X
4

4
ffFffyns ms m0m s u;s}h eL\Yc @ c yIX`nyIXnu;s `Ieih mqc \P^p` c ^b\ X`@nf Ve8D: [ypXL\#X;c yIX
4
6YUj~ @bfHc yIXmg^IlieL\-s m
ZbXS@

JplbXbkpeIcqX[Z c @
4
6YU eOkIZc yIX	kb^p`Lh XS@bcds ZbX 7Y\Ps ZgJbh eIcjX	s m0\#Xnxnh e:`[X[Z o JGF)y\JOus Z Jbh eIcjX  F  
Ve8D:&s m aLkO@[kAcq@ @O`[`n^n\ma@th XLh J Z@ ^bonh X mqcd\fleOkIZbXIZ 
w[.yIXL\#X :DK F eOkIZ WkK
B
x:ebs \o J f @O\PunU
s kIl c [H@ \#XgmgxOc yn\#X[X y\JpZ]\@OlbXnk o@ kIZnmAeikpZ c ypXL\#Xno J h XIe:Z]s kIl c @ c yIX2`ny:e:\flep`gcqXL\Ps mqcds `RZ@ ^bonh X
yIXLh}s `Ieih mqc \_^I` c ^n\#X-@nf Ve8D:ffi zk	`S@ kgc \flepmqcffcq@{c yns m 
w7H8D: u3eis knh J @O`[`n^n\ m3m s kIlth X	mqc \#eOkIZiX[ZjF)yIX
kb^I`Lh XS@nc s ZbX[mu@nfeOkc798;:&u @th X[`n^nh X epmG[GXLh hGypeORpX c yIXRxO@bmjm s ons}h s c J*c @*f
@O\_u y\JpZ]\@OlbXnk o@ kIZnmI
F)yns mcds uX$c ypXJe:\#XkO@bc f
@O\_uXIZ	oIX c [GX[Xbk)c [H@mqc \fleOkIZnm.ob^gcoIX c [HX[Xnk;ki^I`Lh XO@nc s ZbXgm@nf"c yIX.m eOu0X
=  
 
	flfiffi	 "!O#%$&('2)
 ffi*

!-,2d.0&('	2+!
&
 

 



 
 
  % 	  	
 


	
  
  ffi 
)  
	
 

 



 
	
 
  
  	
 


	
	
  
 
 % 
ff  	
 


	
	
 
  	 ff  fi  	
fl
	ffi
 
	
 

 

	
 
	
	  
  	
	 !#"$&%
'

'
(
'
 *) ,+ .-0/ /
 	
ffi
fi21
ffi   	

 
  '-  

F)yIX	o:eIm X[mffeikpZc yIX3mg^plie:\QU xbyO@imgxbypeIcqX ope:`naLoO@kIXG@nfe798D: eOkIZrVe8D:ffi
mqcd\fleOkIZCF)yns mf @O\ `IXgmeikr7H8D:uL@th X[`n^nh Xc @ f @th Z o:ep`baj@ k[c @Rs c m XLh f 
f
@O\_us kIl2e4`nypeL\#e:` cjXL\Ps mqc s `
mqcd\_^I` c ^n\#XL[.yns `nys m)^bkns t^IX0f
@O\?XIe:`ny-7H8D:ffi0Xnkp`[X 
k7H8D: m5Z@ k@nci@ knh JLRLe:\6J;s k0m Xt^pXnkI`[X 
?h}s a X
V8;:
'ob^gcffeih ma@ s kmqcd\_^I` c ^n\#X 
 [ybs `ny @ xIXbk[m^bx	eik@nc yIXL\GZ]s uXnkIm s @ k @nf ,X

s ons}h s c J ;zkliXnkIXL\fleih 

798D: ypepm$f
@^n\mqcd\_^I` c ^n\fleihh XRpXLh m 
?\#Xgm Xbu;onh s kIl Zts XL\#Xnk[c0h XRpXLh mn@nf s kgf
@O\_u0eIc s @ kXbkI`S@iZts kIl 
t

 
) ,(
!
*
|"Ofl
'

F)ypX xnh ebs k{m X ^IXnkI`[X @bfkb^I`nh XS@bcds ZbXgm 
w[.yns `by s m	s k c yIX `Iepm Xu@nfu 798D:
mg^234`ns Xnkgcfficq@4ZbX cjXL\_us kpX3c ypX3m Xt^IXnkp`[XC@bfYc ypX0XbkI`S@iZiX[Z xp\@ncjXLs k
z' 	2,(+!
*
|  '

>Z@O\Pu3eIcds @ kL@bfHySJpZ]\@ilbXbko@ kIZnmoIX c [GXIXnkL:;K 7 
WkK
B
eOkIZ{WkK 7 h XIe:Znm
cq@	f @i\_u3e[c s @kG@nfffiyIXLh}s `Ieih jxpeis}\#X[Z .eikpZ s kgcjXL\6RpXnkbs kIlAm s kpl]h Xgmqc \fleOkIZbX[Z j^ikbxpeis}\#X[Z 3\#X[l]s @ k[mI
Fffyns m3ZbXX"kbs c s @ k s m\ X[mqcd\Ps `gcqX[Z c @RkIX[mqcqX[Z opepm X x:ebs \ m  kO@ x[m Xn^IZ@ aLkO@ncqm  
u0XIeOkns kIl c ypeIc
Xpep`by;c [H@*opepm X xpeis}\ m 547698 .eOkIZ ;:6fi< =@bf ejRLebh s Z m X[`S@kIZie:\6J4mqcd\_^I`gc ^n\#X ypeORpXc @ m eIcds mqf J
c yIXf
@ h}h @O[s kIl{`S@k[mqc \#eis kgc 
4>=?:@=A<>=B8DCECF4>=B8G=?:@=A<AC9CH:@=A<>=A4>=B8DCECH:@=A4>=B8G=A< 
4
65 
>1@i\.mgu3ebh hY\#X[lt^nh eIc @O\6JuL@nc s fm 
Hc ypX f
@O\_u0eIc s @ k @nfffc yIX2m XI`S@ kIZOe:\6JRmqc \_^I` c ^n\#X u;s ltygcAoIX
mg^234`ns Xnkgcfff
@O\Yc yIXLs}\`S@O\P\ XI` cfff ^bkI` c s @k 
Hob^gcs kAuL@imqc`peIm X[m3e	`[Xn\ c eis kcjXL\ cds e:\6J	mqc \_^I` c ^n\#X
s mkpX[X[ZbX[Z 
.k'2+
 
,(+!
*
|  '

F)yns mffs m5c yIX0mgxpeIcds eihOe:\P\#eOkIliXnuXnk[c=@nf eih}hiXLh XnuXbkgc me@nf c yIX 798D: s k0c yn\#X[X
Zts uXbk[m s @k[mI ^ts a Xf @O\ xp\@ncjXLs kIm 
]c ybs ms mHc yIXffe:` c s RpXmqc \_^I` c ^n\#XL@bfw798;: mGc ypeIc ep`gc9[s c yO@ ^[c
`O@gU fPe:` cq@O\ m 
=XO l 5\Ps oO@5,Jiu0Xgmh}s adX0c yIX3m Xnh fU<mgxbh}s `ns kIl s kgc \@ kC@bf 
	  	i
)  N
 
	flfiffi	 "!#%$&('")
 ffi*
+!-, /.0&'1	2
!
    */    * /  ffi
,+  fi21 	)% /         	  #/  	) 
 %   	  * /   +   	  #	(&
 * /   )  "   5 / 	$ *#/

 
  'C  3

lh Xnu0Xnkgcqm @bfH798D:,m XI`S@ kIZOe:\6Jmqc \P^p` c ^b\ XO9:-h}hpXnh Xnu0Xnkgcqmffiy:eSR:X)e)`Lh @bm s kpl opepm Xxpeis \
eikpZ ,[Xn\p@ jy:ebs \_xns k h @@ x	 
k@kIX _mqc ep`ba X[Z*xpeis}\ 
 oi^nh lbXAh @@x 
Ys kgcjXL\_kpeih"h @(@ x n@O\$uL@O\#X  u;^nh cds xnh X
h @@x ffs kgcqXn\Pk:ebh=opepm X	xpeis}\ mI
 ,1a'"x(,(+!
*
|  '

:Glbl]h @ u0XL\fle[cjXc@bfu798D:Gm 
3xI\@ncjXLs k[m eOkIZ`nyIXnu;s `IeihG`O@gU fPe:` cq@O\ m 
h s a X
mgu3eih}hkb^I`Lh XIe:\\Ps o@ kb^I`nh XS@xI\@ncjXLs k[m _mgk(798-vm  [.yns `ny `S@k[m s mqc @nf)mgk(7H8D: m4eOkIZRm XRpXL\fleih
xp\@ncjXLs kImI
lh Xnu0Xnkgcqm @bfc yIX xp\Ps u3e:\6J mqc \_^I` c ^n\#X e:\#XRc yIX kb^I`Lh XS@nc s ZiXgmr:

B

ffW 
 7 eOkIZ ma@uX c s u0Xgm
uL@iZts XX[Z opepm Xgm 
 mg^p`ny{epmxIm Xn^IZ1@^n\Ps Z]s kIX @i\uXgc y\Jih eIcqXIZ opepm XgmIffiF)yIX4m XI`S@ kIZOe:\6J mqc \P^p` c ^b\ Xu@nf
XIe:`nyc798D:&uL@ h X[`n^bh XA`IeOkRopX ZbXI`S@ uxO@bm X[Z s kgc @,eAm XL\Ps Xgm @bf.m s

Zts mqc s kI` cXLh Xnu0Xnkgcqm 
-k:eiu0XLh J
mqcje:`na XIZxpeis}\ 
 ypeis}\_xns kffh @@ x 
ob^bh lbXffh @(@ xh X fc 
toi^nh lbXh @@ xff\Ps ltygc 
s kgcjXL\_kpeihLh @@xeOkIZ;u;^nh cds xnh X)h @(@ x
eIm$mgyO@[.k	s k->s lt^n\#X
4
ffiA HFXL\ c s e:\6JeOkIZ t^peIcjXL\_kpe:\6Jmqc \P^p` c ^b\ X;`IeOkbkO@nc0oIX3Z]s Ris ZbX[ZAs kgcq@ ^bkns  ^IX
XLh Xnu0Xnkgcqmepm3c ypXJAe:\#X o:eIm XIZ @k-R:e:\Ps @ ^[m;`byIXnus `Ieihs kgcjXL\flep`gcds @ k[m @nf3xpe:\ cqmG@nfffic yIX m X[`S@ kpZie:\6J
\ X[mgxOGcqXn\ c s eL\QJmqc \_^I` c ^n\#Xi


@ BCff -%O0HL -A8ff+)r0/   
F)yIX cqXL\ c s e:\6J mqc \_^I` c ^n\#X @bf3eOky7H8D:
9[.yns `ny s m	c yIX,ons @th @il]s `IeihGep`gcds RpXr@ kpX 
.s m RpXL\6J ype:\#Z c @
ZbX cjXL\_us kpX 
?o@nc y;s k Rbs cd\@4eOkIZ{s k0m s}h}s `S@ w:Gm c yIX;oi^ns}h Z]s kIl onh @O`na m=@nf c yIXffcqXL\ c s e:\6J3mqcd\_^I`gc ^n\#Xe:\#X
l]s RpXbk4o J0c ypXm XI`S@ kIZOe:\6J;mqcd\_^I`gc ^n\#X;eOkIZc yIXh eIc cqXL\Gs mu;^I`ny3XIepm s Xn\cq@ e:`[`[Xgmjm 
@ kIX3`S@u;u @ knh J
^[m Xgm)c yIX;m X[`S@ kpZie:\6Jmqc \_^I` c ^n\#X4eImffeOk	eixixI\@

s u3eIcds @ kj@bfGc yIXcqXL\ c s e:\6Jmqcd\_^I` c ^n\#XizkNRbs R@ 
=c yIX
m X[`S@ kpZie:\6J$mqc \_^I` c ^n\#X)s mGs k,"^IXnkp`[X[Zo J.s c mXnk\Ris}\@ kbu0Xnkgc qs @k-`S@kI`[Xnkgc \fleIcds @ k[m 
 y\JpZ]\@xbyO@ obs `Ls c J	 
F)yIXgm Xffons @xby\JIm s `Ieihnxpe:\fleOuX cjXL\ mYZ]s 'XL\"oIX c [GXIXnk)s kIZ]s Ris Zt^peih[`[XLh h m9@O\ `[XLh h ^nh e:\ `S@u;xpeL\ c uXbkgc m 
neOkIZ
yIXnkI`[Xc yIXm X[`S@kIZie:\6J mqc \_^I` c ^n\#X2u0eWJZ]s Xn\ 
?cq@@ ffFffyIXgm X s k(,"^IXnkI`[X[m;e:\#XliXnkIXL\fleih}h JAepmjmg^buX[Z
c @ oIX \fleIc ypXL\Hmgu3eih}h `S@ uxpe:\#X[ZAcq@ c yIXc yIXL\_uL@OZgJikpeOu;s `f
@O\#`[Xgms kSR@th RpX[ZRs k opepm X xpeis \s kIl eOkIZ
=  
 
	flfiffi	 "!O#%$&('2)
 ffi*

!-,2d.0&('	2+! 2
opepm X xpeis}\Ymqc e:`na:s kIl G>Z@O\c ybs m\#XIepma@ kc yIXcjXL\_u mqc \P^p` c ^b\ Xmgxpe:`[Xf<\@ u kO@[ @ k4\#X fPXL\ m)cq@ c yIX
c yIXn\Pu @iZgJOkpeOus `0m X[`O@ kIZieL\QJmqcd\_^I`gc ^n\#Xmgx:ep`IX 
'oIXLs kpl ZbXX"kIXIZ epm-f @th h @[ m	
F)ypXmqcd\_^I` c ^n\#X)mgx:ep`IX0@nfe)lts RpXnk 798D: m Xt^pXnkI`[X;s mZbXgm `L\Ps oIX[Z o Jffec yIXL\_u @iZgJik:eiu;s `0uL@OZbXLh 

l]s RpXbk o J X

xIXn\s uXnk[cjeih}h JAZbXgcqXL\_u;s kIX[ZRXnkIXn\ lZJRxpeL\#eOu0X cqXn\ m ffiE < h'epm X2xpeis}\Ps kpl eOkIZ opepm X xpeis}\
mqcje:`na:s kpl*e:\#X mqc \_^I` c ^n\#XAmqcjeOons h}s m s kIl*fPe:` cq@O\ meImjma@O`Ls eIcjX[Zd[ffis c y*kIX[lieIc s RpX XnkIXL\#lgJ2`S@kgcd\Ps ob^gc s @ kIm
ZbXnxIXnkpZ]s kIl @ kc ypX ki^I`Lh XO@nc s ZbXgm	s k\R@ h RpX[Z |s kIl]h XWU<mqcd\fleOkIZbXIZ xpeL\ cqm jh @@x[m ypeORpXZbXgmqc eiobs}h}s m s kIl
X X[` cqm)epmjma@i`Ls e[cjX[Z [s c y	xO@im s c s RpXXnkpXL\#lgJ`S@kgcd\Ps ob^gc s @ kIm 
 u0eis knh JZbXnxIXnkpZ]s kIlm@ k0c yIXh XnkplLc yj@nf
c yIX;m s kIlth XWU<mqc \fleikpZbX[Z x:e:\ c mI hepm X[Zm@ kc yIXgm XXnkIXL\#lgJ `S@kgcd\Ps ob^gc s @ kIm 
Yef<\#X[XXnkIXL\#lgJoR:eih ^IXf @O\
XIe:`ny;mqc \_^I` c ^n\#X{s mff`Ieih `b^nh eIcjX[ZLF)yIX;mqcd\_^I` c ^n\#X4eIcEc eis kns kIl u;s kns u0eihbfE\ XIXXnkpXL\#lgJ s mff`Ieih}h X[Z    
! 
 # #  p|s kI`[Xc yIX	XnkIXL\#lgJ*xpe:\fleOuX cjXL\ m3eL\ X	ZbXgcqXL\_u;s kIX[ZRs k Rbs c \@R^bkIZbXL\5`S@kIZ]s cds @ k[mN[.yns `ny
e:\#XkpXIe:\oi^gc-kO@bc s ZbXnk[cds `IeihIcq@;s kRbs R@3`S@kIZ]s cds @ k[m-eOkIZons @ xby\Jpm s `Ieihis k,"^IXnkp`[Xgm-e:\#X0kIX[l]h X[` cjX[Z 
s c
s mkO@bclt^:e:\fleik[cqX[XIZ{c ypeIcffic yIX xI\#X[Z]s ` cjX[ZRu)fXU<mqcd\_^I` c ^n\#X;`O@i\P\#XgmgxO@kIZnm0cq@4c yIX4kpeIc s RpX;mqcd\_^I` c ^n\#Xi
: m)e`S@k[m Xt^pXnkI`[Xcq@	c ybs m)eOkIZ Zt^IXc @c yIX4xO@imjm s ons h}s c J @nfGm XRpXL\fleihs u;xO@O\ cjeOkgc`S@ k[f
@O\_u0eIcds @ k[m 

@ kIXs m.eih ma@ s kgcjXL\#XgmqcjX[Z2s kXnkIXL\#lbXgcds `Ieih}h J kIXIeL\ Ux@xgc s u0eihimqc \_^I` c ^n\#XgmI
Ff[H@2mqc \P^p` c ^b\ X[m;e:\#X4`S@ k[m s ZbXL\#X[Z epm 5fi +5$ff #  !Rs f c yIXJ Z]s XL\.o J j^ImqcL@ xIXbkns kIl @O\`Lh @bm s kIl
@ kIX opepm X xpeis \  8Xns ltybo@ ^n\Ps kpl mqc \_^I` c ^n\#Xgm e:`nyns XRpX e m s us h e:\XnkIXL\#lgJdR:eih ^IXi Fffyns mAh XpepZbmcq@
c yIX xI\#Xgm Xnkp`[Xu@bfu3eikSJ	m s us h e:\mqcd\_^I`gc ^n\#XgmC[.yIXnk2h @@ a:s kIlReIckIXIe:\i@ x[cds u0eihmqc \P^p` c ^b\ X[mIuFffyIX
mqcd\_^I` c ^n\#Xgm9@kIXs mG\#XIeih h J)s kgcqXn\ X[mqcqX[Zs k-e:\#Xc yIX  ff 	 45    fi%fi  	 
OypeORbs kIlh @[GXgmqcf<\#X[X5XnkpXL\#lgJ
[ffis c y	\#XgmgxpX[` cffic @{eih hbc ypXLs}\ kIXLs ltyboO@^n\ mI$|"s kp`[Xc yIX3m s ,[XN@bfYc yIX3mqcd\_^I`gc ^n\#X;mgxpe:`[X	s mX

x@ kIXnk[cds ebh
s k*c yIX h XbkIlLc y @bf3c yIX*m Xt^pXnkI`[X ]  
s c2s m-R:XL\6J h}s a XLh J*c ypeIc e h e:\#lbX kb^iu;oIXL\ @nfmg^I`ny h @O`Ieih
XnkIXL\#lgJAus kbs u0ee:\#X xp\#Xgm Xnkgcs kc ypXmqc \P^p` c ^b\ Xmgxpe:`[XiFffyns kba:s kIlu@bf c yIXmqc \_^I` c ^n\#Xmgx:ep`IXepm)e
h eOkIZnm `IeOxIX 
?mg^IlilbXgmqcqmffc yIX kO@nc s @k @bf e  	%%  f
@O\He h @i`Ieihus kns u^bu eOkIZ ebh hs cqmkIXLs ltyboO@^n\Ps kIl
mqcd\_^I` c ^n\#Xgm	c ypeIc;`IeOk,oIX*\#XIe:`nyIX[Z o J/@ xIXbkns kIl  @O\ffi`Lh @bm s kIl  opepm XRxpeis}\ m eOkIZRc yIXL\#Xno J*ebh [HeWJIm
s kI`L\#XIepm s kIl	c yIX)fE\#X[X3XnkIXL\#lgJgw:5h}hbmqc \_^I` c ^n\#Xgmffic y:e[c.oIXnh @ kplc @ @ kpXnR:eih h XJ;e:\#X0`Ieih}h XIZ e  	 fi% d@nf
mqcd\_^I` c ^n\#XgmI :Cmqcd\_^I` c ^n\#X y:eSRis kIl c [w@ kIXLs l yboO@ ^b\ mf<\@u Z]s Xn\ XbkgcffR:eih}h X\JIm 
 `S@O\\#Xgmgx@ kIZnmcq@ e
m epZiZ]h X4x@ts k[cffs k3c yIXh eikpZnm `IeOxIXi
F)ypX,mgypeOxIXc@bfc yIX mqc \_^I` c ^n\#X mgxpe:`[X l]s RpX[m,yns kgcqm eIc{mqcd\_^I`gc ^n\fleihxI\@ xpXL\ cds Xgm @bfc ypX 798D:
uL@th X[`n^nh XiHF)yIXX

s mqcjXnkI`IXL@bf%@ kpX0R:eih}h XJ;oIXns kIl u;^I`by ZbX[XbxIXL\ $c ypeOkeih}hg@nc yIXL\ R:eih}h XJIm 
s u;xnh s Xgm
mqcd\_^I` c ^n\fleih[HXLh}h UEZbXX"kIX[Z kIXgmjmIFf[H@;X t^peih}h J0ZbX[XbxnR:eih}h XJIm `S@^nh Z;mgyO@[ ^ix.f
@O\?e)`S@kgf
@O\_u0eIc s @kpeih
m [ffis cq`byu@O\ 
s fffic ypX2kpeIcds RpX mqc \_^I` c ^n\#X s m;ZbX cjXL\_us kIX[Z o J e{mgxpX[`Ls X`{f
@ h Z]s kIl xpeIc y\[eWJ 
Ycd\fleOxbxns kIl
c yIX3mqc \_^I` c ^n\#X	s k;e4h @O`Ieih us kns u^bu
F)ypXgm X ZiXX"kns c s @k[mmg^IlblbXgmqce \fleIc ypXL\=@O\#ZbXL\#X[Z eOxbxIXIeL\#eOkI`IXm@bf$c yIX{mqcd\_^I` c ^n\#X mgxpe:`[Xi/Fffyns m
yO@th Znmfficd\_^IXff@ kbh Jf
@O\c yIXkIXpe:\QUx@ xgc s u3ebh x:e:\ c=@nfc yIX0mqcd\_^I`gc ^n\#Xmgx:ep`IXi$WYXnkIXL\fleih}h Jc ypXmqc \_^I` c ^n\#X
mgxpe:`[X4s meRpXL\6J4h e:\#lbX  X

xO@ kIXbkgcds eih=s kc yIXm Xt^pXnkI`[X h XbkIlLc y 
"Xi l
4
] 
 PO 
 Oi 
65
4
 
 i mqc \_^I`WU
c ^n\#Xgmffif @i\e3m Xt^pXnkI`[Xj@nf h XbkIlLc yCAOAkgc -eikpZ4`S@ uxnh X

9FffyIX`S@ uxnh X

s c J;e:\Ps m X[m$fE\@ u(c ypXfff_e:` c
c ypeIcXIe:`ny;mqc \_^I` c ^n\#X{ypepmffeIcffh XIepmqc  [.yIXnk;`S@k[m s ZiXL\Ps kIl/@knh J @ xIXnkbs kIlm@nfffiopepm X xpeis}\ m epmu3eikSJ
kIXLs l yboO@ ^b\ m;epm;s cqm;kb^buoIXL\H@bf.opepm X x:ebs \ mILF%@2l]s RpXeOk	X

eOu;xbh X : mqc \P^p` c ^b\ X [s c y
4
*opepm X
xpeis}\ my:eIm
4
Z]s \ XI` ckIXns ltybo@ ^n\ m0[s c yo5IAopepm Xxpeis}\ mI0le:`nyff@nf c yIXnu&ypepmff5p{kpXLs ltyioO@ ^n\ m0[s c y
5SP opepm X xpeis}\ m4eikpZ*ma@ @kO hXIe:\s k us kIZ c ypeIc{kIXns ltybo@ ^n\ m4cq@*c yIXAm X[`O@ kIZ,ZbXIl]\#X[X `IeOk oIX
\ Xpep`byIX[Z @ kffc [H@;Z]s XL\#Xnkgc [HeWJIm 
c yO@bm XL@nf'c ybs}\#ZZiX[l]\#X[Xff@ km s

[eWJIm-eOkIZc yO@im X @nf
	5ZbX[lt\ XIX
@ k2[HeWJImI
1  N
 
	flfiffi	 "!#%$&('")
 ffi*
+!-, /.0&'1	2
!


@  tff+3#D
 0 'ff -%O0HL -A8ff+) M:) -' 	

F)yIX*xI\#X[Zts ` c s @kr@nfffifE^bkI`gcds @ kpeihYxp\p@xIXL\ c s Xgmo@nf)eOk 7H8D: s mc ypX{`[Xnk[cd\fleih?l1@Oeih's k2eOkpeih JIm s kIl c yIX
mqcd\_^I` c ^n\#X	mgxpe:`[Xi`V-^pX;cq@ c ypX;m s ,[X	eOkIZ XgmgxpX[`Ls eih h J4c yIX	`S@ uxnh X

s c Jc yIXn\ X s m 
 ^bk[cds htc @OZieWJ 
 kO@
lbXnkIXL\fleiheOxbxI\@ep`by;f @i\GeOkpeih JIm s kIl c ypXmqcd\_^I`gc ^n\#Xmgxpe:`[Xi ;@[GXRpXn\ 
ma@uX	u0X c y@iZnm3ypeORpX4opX[Xnk
ZbXRpXLh @ xIXIZ c @ m `L\_^gc s kns m X mgxIX[`Ls X`*fXIeIc ^n\#XgmI F)yIX f
@ h}h @[s kpl m X[` c s @ k,l]s RpXgm2eOk @ZR:XL\6Rbs X[ @nf
`n^n\P\#XnkgcuX c yO@OZnmI=Mj@O\#XZbX c eis}h XIZ ZbXgm `L\Ps xgcds @ k[mff@nfc yIXeih l@i\Ps c ybum[ffis h}hbf @th h @[s k
B
y:eix[cqXL\;A 

	ffflfiffi! "ff#%$&'()+*, &fl-#./-(0ff1
F)yIX.  \U<mqc \P^p` c ^b\ X*s m 
 XgmgxIXI`Ls eih}h J2f
@O\)h @ kIlRm Xt^pXnkI`[Xgm 
^iknh}s a XLh J cq@ opX X ^peih=cq@ c yIX*kpeIc s RpX
s koRbs R@2mqc \_^I` c ^n\#Xi.YXnkI`[X 
 s c;s m`S@ uuL@k xp\flep`gcds `[X cq@ s kI`Lh ^pZbX{mg^ioO@ xgc s u3eih ma@th ^gc s @ kIm4s k4c yIX
xI\@i`IXgmjmH@bf mqc \P^p` c ^b\ X$XLh ^p`Ls ZieIc s @kOwF)yIXiX\ mqceOxbxI\@ep`by-cq@)`S@u;xb^gcjX-eih ma@ffmg^boO@xgcds u0eih ma@th ^[cds @ k[m
[Hepm.s uxnh Xnu0XnkgcjX[Z	s k    <=V$^IX)c @c yIX;s uxnh XbuXnkgc eIcds @ k 
c yns m$eOxbxI\@ep`bys m)kO@bc `peix:eiobh X
@nfYxp\p@OZt^I`Ls kIl	ebh hImg^boO@xgc s u0eih[mqc \_^I` c ^n\#Xgm 
ob^gcw@ knh Jffic yO@im X3oIXLs kplZ]s mjm s us h e:\=c @N@bc ypXL\=mqc \_^I` c ^n\#Xgm
c @ma@uXZbX[lt\ XIXi F)yIXyIXn^n\Ps mqc s ` Xh cjXL\ mc ypeIcHe:\#X^[m X[Zf
@O\=c yns mh XIe:Z3cq@;e;ons epm X[Zm eiuxnh X[.yns `ny
yO@th Znm @knh J mqc \P^p` c ^b\ X[m c ypeIc{e:\#X uL@O\#X Z]s mjm s us h e:\ffc ypeOk,e,`[XL\ c eis kRc yb\ X[mgyO@th Z :ZbZ]s c s @kpeih}h J 

mqcd\_^I` c ^n\#Xgm c ypeIceL\ Xff`S@ uxO@bm X[Z3ma@ h XLh JL@nfGopepm Xxpeis}\ mc ypeIcHe:\#Xffeih ma@4x:e:\ c @bf <oIX c cjXL\  mqc \_^I` c ^n\#Xgm
kIXRpXL\5mgy@O[N^bx`FffyIX e:ZgR:eOkgc e:lbX-@bf-c yns m;eOxbxp\@Oe:`ny*s m3c ypeIcffc yIX2^[m XL\)y:eIm3cq@,ypeOkIZth Xm@ knh JAe
mgu0eih}h]kb^buoIXL\%@bfmqcd\_^I` c ^n\#Xgm 
ob^gc5c yIX0ZieOkIlbXL\;@nf u;s mjm s kplc yIXff@ kIXyIX;s mffh @(@ a:s kIlf @O\Y\#Xnu0eis kImI
:$k;ebh l1@O\Ps c ybu xp\p@OZt^I`Ls kIlRxI\#X[`ns m XLh J	eih}himg^ioO@ xgc s u3eihOmqc \P^p` c ^b\ X[me[Hepm0xp\#Xgm XnkgcjX[Z s k   YeOkIZAs m
s u;xbh Xnu0XnkgcjX[Zs kffic yIX-cq@@th 	
	  @nfc ypXi<$s Xnkbk:ej7H8D: x:ep`bade:lbX ffiP <;F)ypXxp\@ onh Xnu e:\Ps m s kIl
s mc y:e[c;c yIX/@^gc xb^gcliX c m RpXn\QJ h e:\#lbX  X

xO@ kIXbkgcds eih'm s ,[X/@nf.c yIX mqcd\_^I`gc ^n\#X2mgx:ep`IX  y:-kpeih JIm s m
@nfmg^I`ny h e:\#lbXkb^iu;oIXL\ m @nfmqc \_^I` c ^n\#Xgm s m RpXL\6J,`S@bmqc h J 
ffXgmgxpX[`Ls eih h J s k c yIX `Iepm X @bf xpeis}\6[s m X
`S@ uxpe:\Ps ma@k[m 
epm c yIXki^bu;oIXn\@bf`S@ uxpe:\Ps ma@k[m5l]\@[ m t^pe:Z]\fleIcds `n[s c yc yIXm s ,[Xn@bfc ypX.m eOu;xnh Xi
7"Xgmqc \Ps ` c s kIlAcq@Amqcd\_^I`gc ^n\#Xgmc ypeIce:\#X{kIXpe:\QUx@ xgc s u3ebhs m0e \#XIepma@ kpeOonh X{eOxbxp\p@e:`ny 
Gob^gcxO@im Xgmffc yIX
xI\@ obh Xnu @nf ZbXX"kbs kIl kIXIe:\QUx@ x[cds u0eih}s c J 
: q\#XIepma@ kpeOonh X 5\#X[Zt^I`gcds @ k @bf=c yIXkb^buoIXL\?@bfmg^ioO@ xgc s u3eih mqc \_^I` c ^n\#Xgmffis m-s u;xbh Xnu0XnkgcjX[Zs k-c yIX
c @(@th  4o J V-s kIl0eikpZC^ieW[\#XnkI`IX  <5z cH^[m XgmGe$mqc e[c s mqc s `pebh m eOu;xnh s kIl;xI\@O`[X[Zt^n\#Xfficq@ff`S@u;xb^[cqX
effmg^io[m X ci@nfebh h:mg^ioO@ xgc s u3eih:ma@ h ^gc s @k[mIwF)yIX0ei^[c yO@O\ m-mqc eIcqX.c ypeIc XIe:`nyffmqc \_^I` c ^n\#XL@O`[`n^n\ mffs k)c yIX
m eiuxnh X4e:`[`S@O\#Z]s kIl cq@ s c mxI\@opeOons}h s c J 
Gl]s R:Xnk4c ypeIc)c ypX	m eiuxnh Xm s ,[XAs mh e:\#lbX{XnkO@ ^pltyOo:Gmffc yIX
m eiuxnh}s kIlAs m0opepm X[Z-@k	\fleikpZ1@ u{R:eL\s eOonh Xgm)Xpep`by	\P^ikG@nfYc yIXxI\@Ol]\fleiu xI\@iZ ^I`[Xgme;Z]s 'XL\#Xnkgc.m X c
@nf"mqc \P^p` c ^b\ X[mI>t^n\ c yIXn\Pu @O\ X 
c yIXm eOu0X5mqc \P^p` c ^b\ Xff`IeOkoIXffim eiuxnh XIZu^nh c s xbh Xffic s uX[m 
iXgmgxIXI`Ls eih}h J
c yIX    SU<mqcd\_^I` c ^n\#X;epms cffs m-c yIX	u @bmqc)xp\p@opeOonh Xj@ kIXO

	2  3/-4#5/-(0637849;:=<>@?Aff'"ff11
zk `Iepm X @bfeOk 798D: fE^bkp` cds @ kns kIl c yn\@ ^Il y e `[XL\ cjeis k,mqcd\_^I` c ^n\#X 
c yns m{mqc \P^p` c ^b\ X y:eIm{c @ oIX
[GXLh}h UEZbXX"kIXIZ 
Yu0XIeOkns kIlc ypeIc-c yIXL\#Xe:\#X	kO@{Z]s mjm s u;s}h eL\ mqc \_^I` c ^n\#XgmL@bf m s u;s}h e:\ XbkIXL\#lgJ =F)ypX	s ZbXpe
oIXnyns kIZs m 
 c ypeIcfE^ikI` c s @ k:ebh jo JRu0XIeOk[mj@bf)mqcd\_^I`gc ^n\#X /798D:Gm`IeOk oIX2ZbX cjX[` cjX[Zo:eIm XIZ @ k e
uXIepmg^n\#X0f
@O\ mqcd\_^I`gc ^n\fleih[HXLh}h UEZbXX"kIX[Z kIXgmjmI
FffyIXeOxbxp\@Oe:`nyIXgm$cq@	s kgfPXL\?mqc \_^I` c ^n\flebhbZbX\X"kns c s @kmgypeL\ X)c ypXff`S@u;uL@k0s ZbXIeff@bf'`S@u;xpeL\s kIlc yIX
@ xgc s u3ebh mqcd\_^I` c ^n\#X	cq@2mg^boO@xgc s u0eihmqc \_^I` c ^n\#Xgm opepm X[Zd@ k	c [H@ Zts XL\#Xnk[cepmgxIXI` c mI{~kIXAs mc yIX
Z]s Xn\ XbkI`[X3s k$XnkIXn\ lZJ)eOkIZffc yIX @bc yIXn\?s m mqcd\_^I` c ^n\fleihIZ]s mjm s us h e:\Ps c Jg9FffyIX)u0X c yO@iZ;o J=T ^I`bygc JXgcYeih
=  
 
	flfiffi	 "!O#%$&('2)
 ffi*

!-,2d.0&('	2+! *
  '^Im Xgmc ypXma@`Ieih}h X[Z<o:eIm X3x:ebs \"Z]s mqc eOkI`[X -cq@	uXpeImg^b\ Xmqc \_^I` c ^n\fleihLZ]s mjm s u;s}h eL\s c J 
[.yIXL\#XIepm c yIX
eixixI\@Oe:`ny0o J Gs c e:lieW[HeffiX cebh 65p u3eiadXgmG^Im X @nfc yIX5ma@ff`Ieih}h X[Z #cd\#X[X.\ XbxI\#Xgm Xnk[cjeIc s @ k)Zts mqc eikp`[X q
hf@bc y l]\@ ^ix[m`S@ ^nh Z.mgyO@[ c yIX eOxbxnh s `IeOons h}s c J@nftc yIXLs}\teOxbxI\@ep`byIXgmcq@`[XL\ cjeis k.xI\@ obh XnumD@O\]`Lh epmjm Xgm
@nfH798;: m Pc\7H8D: meOkIZ3mgk(798;: m$\ X[mgxIX[` c s RpXnh J	 
oi^gcHZ]s Z	kO@ncHmgyO@[ c yIX.eOxbxnh s `IeOons h}s c Js k)liXnkIXL\fleih 

s  Xi c @4`nh epmjm s f+J ^bkbaLkO@[.km Xt^IXbkI`[Xgm3eIm$fE^ikI` c s @ k:ebho J	u0XIeOk[me@nf mqc \_^I` c ^n\#Xi

	 ffflfi
  ff#%$&4' +*  3/-4#5fl- 0ff1
F)yIXxp\@ xIXn\ c JN@nfeOkC798D:,cq@ opXxI\#Xgm Xbkgc.s kffXns c yIXL\f@ kpX @nfc [H@;eih cjXL\_kpeIcjXff`S@kgf
@O\_u0eIc s @ kIm)oO@nc y
ypeORbs kIleffZ]s XL\#Xnkgcf ^bkI` c s @ks maLkO@[.kepm `S@ kgf @O\Pu3eIcds @ kpeihpm [s cq`nybs kIl0V-s kIl;eOkIZ-^ie[ffi\#Xnkp`[X  
xI\@ x@bm X eAuXgc yO@OZ4cq@ Xnh ^I`Ls ZieIcqX	mg^p`ny4`S@ kgf @O\Pu3eIcds @ kpeih m [s cj`nyns kIl opepm X[Zm@ kc yIXns}\Gmqc eIcds mqcds `Ieih
m eiuxnh}s kIl xp\p@O`[X[Zt^b\ Xf @i\ 7H8D:m X[`S@kIZie:\6Jmqc \_^I` c ^n\#XiiFffyIX	s ZbXIe{s mffic ypeIc-c yIXX

s mqcqXnkp`[XC@bfYc [H@
ebh cqXn\Pk:e[c s kpl4`S@ kgf @O\Pu3eIcds @ k[ms mff\ X[m Xnu;onh X[Z s kec [H@ZU R:eih}h X\J0mgypeOxIXff@bf'c yIXmqcd\_^I`gc ^n\#X3mgxpe:`[XO>1@i\
c yns m\#XIepma@ k 
]c yIX)Zt\#e[kmqcd\_^I`gc ^n\#Xm eOu;xnh X.mgyO@ ^bh Z yO@th Zc [H@3f_eOus}h s Xgmi@bfmqc \_^I` c ^n\#Xgm)\#Xnxp\#Xgm XnkgcxU
s kIlc yIX0c [H@ R:eih h XJImI
:-k@nc yIXL\eOxbxp\p@e:`ny s m  	  65(5 
n[ybs `nys m,opepm X[Z @k c yIX xpeis}\6[s m X `O@ u;x:e:\Ps ma@ ky@nf
mg^boO@ x[cds u0eih:mqc \_^I` c ^n\#XgmI.z cffi^[m XgmeikXgmqcds u0eIcjXf
@O\c yIXffXnkpXL\#lgJo:e:\P\s XL\ eOkIZe0Z]s mqc eOkI`[XuXIepmg^n\#X
c @ s kgfXL\3mqc \P^p` c ^b\#eih Z]s mjm s us h e:\Ps c Jg F)yns m ZOe[c e s m mg^io[m Xt^IXbkgcdh J ^[m XIZ f
@O\3e `Lh ^ImqcqXL\Ps kIl mqcjXnx
[ybs `nys m c yIX3opepm s mGf @O\ c yIX3xp\ XIZ]s ` c s @kL@bf`S@ kIm Xnk[mg^[m5mqc \_^I` c ^n\#XgmIwF)yIX[m X)`S@ kIm Xnk[mg^[m5mqc \_^I` c ^n\#Xgm
mgyO@ ^nh Z4\#Xgm Xnuonh X)c ypXc [H@;`O@ kgf @i\_u3e[c s @k[m @bf?c yIX.m [s cj`nyeOkIZlbX cwRpXL\Ps XX[Z{o J0`S@ uxpe:\Ps kIlXIe:`ny
`S@ k[m Xbk[mg^[m0mqcd\_^I` c ^n\#Xc @Aeih}htm eOu;xnh X[Z mqc \_^I` c ^n\#XgmI;z feih}h2@nfHc ypXgm X{y:eSR:Xe yns l yXnkpXL\#lgJ2ope:\P\Ps XL\
c @r@kIX `S@k[m Xnk[mg^ImG[.yns}h X ypeORbs kIl*e h @[(c @2c yIX`@nc yIXL\ 
 c yIX `S@k[m Xnk[mg^[mmqcd\_^I`gc ^n\#Xgm	epmL[HXLh}heIm
c yIXxp\@ xIXL\ c JC@bf `S@ kgf @O\Pu3eIcds @ kpeihim [s cj`nyns kIl s mxp\#X[Z]s `gcqX[Z F)yns m3uX c yO@iZ{s m$c yIX0mqcje:\ c s kIl x@ts k[c
f
@O\Hu J [H@O\_aeikpZAs mZbXgm `L\Ps opX[Z s k
B
ypeOxgcjXL\;E=

	 	   *1flfi
 
	4$3 '"fi
A  *
F)yIX f @th Z]s kIl @nf 798D: s m e a:s kpX cds ` xp\@i`[Xgmjm 
L[.yns `ny mqc e:\ c m [s c y,c yIX f @i\_u3e[c s @kc@nfecX\ mqc
q\fleikpZ1@ u o:eIm X xpeis}\ 
 c yIX4ma@ `Ieih h X[Z kb^I`Lh XIeIcds @ k xO@ts kgc[-F)ypX{e:ZbZ]s c s @kAeOkIZ \#Xnu @ZR:eih?@bfffopepm X
xpeis}\ mh XIe:Znm5c @3f @O\Pu3eIcds @ kn@nf s kgcjXL\_uX[Zts eIcqXffmqcd\_^I`gc ^n\#Xgm5c ypeIcffiu0eWJ.`S@O\P\ X[mgxO@ kIZcq@	h @O`Ieihu;s kns u0e]
zk4c yns m`peIm X c ypX 798;: us ltygclbX c3cd\fleOxbxIXIZ s k4c ybs mmqc eIcqX2opX[`IeO^[m X*s c`IeOkbkO@bcN@1RpXL\#`S@uX4c yIX
mg^n\P\p@^bkIZ]s kIl <XnkIXL\#lgJ	opeL\\Ps XL\ mL[s c yns kA\ XpeIma@kpeOonh X4cds uXeOkIZ 
 yIXbkI`[X 
 s mkO@nceOonh Xc @ e:`nyns X\RpX
s cqm)XnkIXL\#lbX c s `o@xgc s u;^iu=F)yIX;mqcjeIcjXc yIXu7H8D: lbXgc m.c \fleOxbxIX[Z s k ypepm.c @ oIXejRLebh s Z{m X[`S@ kpZie:\6J
mqcd\_^I` c ^n\#XeOkIZc yIXL\#X f @i\#Xs c.ypepm cq@ oIXxp\#Xgm Xnkgc)s k)c yIX)m Xgc@bf'mg^ioO@ xgc s u3eih:mqc \_^I` c ^n\#XgmIw:-kpeih JIm s m
@nfc yIXffimqcd\_^I` c ^n\#X)mgx:ep`IX.`IeOkc yIXn\ Xgf
@O\#XoIX3^[m X[Z0cq@XLh ^I`Ls ZOe[cjX)mg^p`nya:s kIX c s `.cd\fleOx[m @nfc yIXffif
@ h Z]s kIl
xpeIc y\[eWJ H:-xixI\@Oe:`nypXgme:ZbZ]\#Xgmjm s kIl c yns m0xp\@ onh Xnu e:\#XZbX[m `L\Ps oIX[Z s k;| X[` c s @kjA=YE
4


	 4$"# 6 fi
6fi 
F)yIX eOxbxIXIe:\fleOkI`[X @nf3c ypX mqc \_^I` c ^n\#X h eOkIZnm `IeOxIX s m xp\#X[Z1@ u;s kpeOkgc h J ZbXgcqXL\_u;s kIX[Z o JRc yIX h @O`Ieih
us kbs u0e;eikpZ	c ypXm e:ZbZ]h X{xO@ts kgcqm)m Xnxpe:\fleIc s kIl{c ypXnuFffyb^[m 
=cq@ \@ ^Il ynh J	ZbXgm `L\Ps opX;c yIXmqc \_^I` c ^n\#X
mgxpe:`[X s c;s m3mg^3 `Ls Xbkgc3c @ aLkO@[(c yIX[m XioF)ypXc @(@th
   
   65
4
5e:ZbZ]\#Xgmjm Xgmc yns m	s ZbXpe2z cs m
ZbXgm s l kIX[ZRcq@*eOkpeih JIm X c ypX `S@u;xnh X cjX`@O\)xpe:\ cG@nfffic ypX mqc \P^p` c ^b\ XAmgxpe:`[X 
 [.yns `ny s m;l]s RpXnkAepmeOk
XnkIXL\#lgJ.ma@O\ cqX[Zh s mqc9@nfmqc \P^p` c ^b\ X[mliXnkIXL\fleIcqXIZ	o J 		 >]\p@u c yns m 
 `S@ kImqcd\_^I` cqm
    N
 
	flfiffi	 "!#%$&('")
 ffi*
+!-, /.0&'1	2
!
c yIX ope:\P\Ps Xn\ffc \ XIXRepm e \#Xnxp\ X[m Xnkgc e[c s @k @nf0c yIX*XbkIXL\#lgJ h eOkIZnm `IeOxIXO Fffyns m*ope:\P\Ps XL\cd\#X[X yO@ h Znm
s kgf @i\_u3e[c s @kC@ k	h @i`Ieihus kns u3e 
tc yIX3m e:ZbZth X4xO@ s kgcqmff`S@kbkIX[`gcds kIl c yIXnu eOkIZc yIXLs \ Z]s 'XL\#XnkI`[Xgm;s k
XnkIXL\#lgJg
            
   	 b

 F
  i
 FV    iY
	@ Q  ff8:ffi
")+  
0/  -		Ł+ pD -	%OH'L
V-^b\s kIl c yIX _mqc s}h hk@ kIl@ts kpl  \#Xgm XIeL\ `by @ k 7H8D: m X[`S@kIZie:\6J mqc \_^I` c ^n\#X Z]s XL\#Xnkgc4ZbXgm `n\s xgc s @ kIm
\ X[mgxO \#XnxI\#Xgm XbkgcjeIc s @k[m{ypeORpX4XbuXL\#lbX[Z 
Yebh h?ypeORbs kIl c yIXLs}\ mgxIXI`Ls X`{e:ZgRLeik[cje:lbXgm;eOkIZ2Zts m e:ZgR:eOkU
cje:lbXgmI9F [w@;Z]s uXnk[m s @ kpeih\#XnxI\#Xgm XbkgcjeIc s @k[meL\ Xs kgc ^ns c s R:Xc @c yIX3yi^bu0eOk)XJgX 
[.yIXL\#XIepmc yIXJe:\#X
s u;xp\fle:` cds `Ieih epmff`S@ uxb^gcjXL\5s kbxb^gc[ F)yIX @ xixO@bm s cqXAyO@ h Znmf
@O\w@kIXWUEZ]s uXnkIm s @ k:ebh@i\Gmqcd\Ps kpl \#Xnxp\#XWU
m Xnkgc e[c s @k[mIffizk$c yIXffif @th h @[s kIl4x:e:\fleplt\#eOxbyImffzS[s h}hpl]s RpX.eOke@1RpXL\6Rbs X[ @bf?X

s mqcds kIl\#XnxI\#Xgm XbkgcjeIc s @k[m 

[ybs `nyZ1@OXgm3kO@nc-`Lh eis u(c @AoIX3`S@u;xnh X cjX 
 epmffie	h e:\#lbX	kb^iu;oIXL\D@nfDR:e:\Ps e[c s @k[m0@O\ RpXL\6JmgxIX[`Ls eih}s m XIZ
\ XbxI\#Xgm Xnk[cjeIc s @ kImX

s mqcg
(   $4:=<fi 1flfi $&46 fi 1/-469fi 1 fi $&
.  '1' (	2 '
*
oD'"_
'
*
'"a,1
 
	 F)yIXm X[`S@kIZie:\6J mqc \_^I` c ^n\#Xo@nf 798D: s m;s kbypXL\#Xnkgc h J c \#X[XWU h}s a X 

ma@ s c4s mmqc \#eis ltygc f
@O\6[He:\#Z,cq@ ^[m X2e c \ XIX \#Xnxp\#Xgm Xnkgc eIcds @ kOCzk fPe:` c 
 c yIXAm X[`S@kIZie:\6J mqc \_^I` c ^n\#X
s m\#Xnxp\#Xgm XnkgcjX[ZReImef
@O\#Xgmqc 
eIm0XIe:`ny4XLh XbuXnkgc _mqcqXbu 
 ^bkbx:ebs \#X[Z,opepm X  @nfc yIX	X

cjXL\_kpeih"h @(@ x 

mg^I`ny0epmHc yIXc [H@{^bkbxpeis}\#X[Z 6ffi:6 ms k > s lt^n\#X A 65 <e  
te:\#X)cd\#X[Xgmc yIXnum XLh R:XgmIG|?^I`ny0e)c \#X[X3s m.ob^ns}h Z
@nfffiv Eebs \  U kO@iZiXgm.f
@O\ opepm X4xpeis \ m0eikpZ h XIeIfmyO@th Z]s kIl{c yIX	s kpZ]s Rbs Zt^peihopepm Xgm 
"epmmgyO@[k{s ku>s lt^n\#X
A 65 <e  8;@bcqX 
tc ypeIc5c yIXh XgfflcxU5eOkIZ \Ps lty[c u @bmqc-`nyns h Z]\#Xnk @nfGe vU kO@iZbXeL\ Xe:` c ^peih}h Jf
@O\_us kpl;c yIX
opepm Xx:ebs \< F)yns m\#Xnxp\#Xgm Xnkgc eIcds @ k s ms kgc ^ns cds RpXN@ knh Jc @4emgu0eih}hbZbX[lt\ XIX 
 ob^gcffieOxpeL\ c-f<\@ um XL\6Rbs kIl
eIm5e Rbs mg^peih}s m eIc s @k;s c eih ma@ \#Xgm Xnu;obh Xgm$eZieIc effmqc \_^I` c ^n\#X;^Im X[Z o J0eih l1@O\Ps c ybum5ZbXIeih}s kIlj[ffis c y 798D:
m X[`S@ kpZie:\6J;mqc \P^p` c ^b\ XO
z	
 
 ?fiffi'
t
fiffi	" FffyIX;ma@ `Ieih}h X[Z !
 # fi  % xbh @nc3s mxI\@opeOonh J	c yIX u @bmqc [s ZbXLh JA^[m X[Z \#XnxI\#Xgm XbkU
cjeIc s @ k 
"eIm3s c3s mffeih ma@{c ypX uL@imqcffs kgc ^bs c s RpX;f
@O\c yIX yb^iu0eOk4\#XIe:ZbXL\<z cl]s RpXgmel1@(@iZ s uxI\#Xgmjm s @ k
eio@ ^gc c yIXc [H@Z]s u0Xnk[m s @kpeihe:\P\fleOkIlbXnu0Xnkgc=@bf'c yIX0XLh XbuXnkgcqm=@bf c yIX0m X[`O@ kIZieL\QJmqc \_^I` c ^n\#X _m X[X
> s lt^n\#X`A=65 jo   	|XR:XL\flebh?R:e:\Ps eIc s @k[mG@nf5c yIX	m t^bs lbl]h X xbh @ncX

s mqc 
k[.yns `ny u0eis knh J Z]s XL\s k4c yIX
s kgf @i\_u3e[c s @kZ]s mgxnh eJ X[Z2eOkIZ c yIXcd\#XIeIc uXnk[ce@bf$ob^nh lbX4eOkIZ epm JiuuX c \Ps `s kgcjXL\_kpeihh @(@ x[mI
B
@ unU
uL@ kcq@	eih hts m 
c ypeIc$e:Z <e:`[Xnk[copepm Xgm)e:\#X`S@kbkIX[` cjX[Z2o J;e	h s kIXeOkIZAopepm Xgmffif
@O\_us kIl4e4opepm Xxpeis}\
e:\#Xebh ma@ `S@kbkIX[` cjX[Z o Jma@uX0XLh Xnu0Xnkgc 
 XO l 5h s kIX 
?\_yO@u;oG@O\Z1@nc[
 $9	)u_ a,1
 
	,fi.%	?	flfi
*
,2 br'Z&(	
*
A AmP
C GmPmP
mP
mP
mP
mP
A AA C
G C
G C
G C
G C
C GA C A
G CA U U
   	)	  * 	   	/
 	 	  fi
A
G
CA
A
GGCA
C A
GC
C C A
G G A
U
UCC
G
C
A
  ffi,+   + 	 /   
0 5 10 15 20 25 30
0
1
2
3
4
5
6
    "$ )    (
A G C A A G G C A C A G C C C A G G A U U C C G C A
A G C A A G G C A C A G C C C A G G A U U C C G C A
A
G
C
A
A
G
G
C
A
C
A
G
C
C
C
A
G
G
A
U
U
C
C
G
C
A AG
C
A
A
G
G
C
A
C
A
G
C
C
C
A
G
G
A
U
U
C
C
G
C
A
  %*    /   

 
  '`3 6

F [w@4Z]s u0Xnk[m s @kpeih \#Xnxp\#Xgm Xnkgc eIcds @ k[mfff
@O\i798D:m X[`O@ kIZieL\QJmqcd\_^I`gc ^n\#Xi
$9	)`_ a,
 
	(,fi.%		flfi
*
, cbr'1&(	
*
3
<e  h'eIm X	x:ebs \h}s mqc  
4


4
]  
  A 

4
E  
 < 
p5\E  
 < 
p5SA  
  P 
p5
4
 
  5[ 

4
A  
  5SP 

4(4
 
jo   <$s Xnkbk:e ffmqc \Ps kIl            	 
 `  5zYF mqcd\_^I` c ^n\#X 





 Z 
B
@e:\ m Xl]\fleis kIX[Z{mqcd\_^I`gc ^n\#X      M w@O\     q|     q| M q| 
 X  T,XLs lty[cqX[Z `S@OeL\ m X;l]\flebs kIX[Z      ;A q|flA    
4
q|?A M
4
j| E l
4

Pf  :-oImqcd\fle:` c|?ypeOxIX ff

 
  ' 3  

l

ep`gc5eOkIZ	eOxbxp\p@

s u0eIcjXffmqc \Ps kIl{\#XnxI\#Xgm XbkgcjeIc s @k[m.f
@O\w7H8D: m XI`S@ kIZOe:\6Jmqcd\_^I` c ^n\#Xi
br	 a,
 

t
fiffi	" zku@O\#ZbXL\-c @RZ]s mgxbh eWJAc ypX mqc \P^p` c ^b\#eih?`S@k[mqc \#eis kgc m @ZRpXn\5c ypX m Xt^pXnkI`[X 
Hc yIX
 #
	fi xnh @nc  >s lt^b\ XLA 65 <`  -ypepm.oIX[XbkZbXR:XLh @xIX[Z{s k p5SA <=l e:`nyxO@im s c s @ k;s k.c yIX.m X t^IXnkI`IX
c ypeIc.s m-c yIXxO@bm s cds @ kpeihOmgu3eih}h Xn\Gxpe:\ c kIXL\;@nfGe	o:eIm Xxpeis \ e:ZbZnm)e	xO@im s c s RpX3`S@kgc \s ob^gc s @kG[.yIXL\#XIepm
e{x@bm s c s @kpeih l]\#XIeIcjXL\-xpe:\ c kIXL\`S@ kgc \Ps ob^[cqXgm	kIXIlieIcds RpXLh Jg Fffyns m0`S@ k[cd\Ps oi^gcds @ k2u3eWJ oIXXLs c yIXL\flfiffi
@i\ fi! 
 [ypXL\#X"! s m-c yIX0fE\ XIXXnkIXL\#lgJ`S@ kgc \Ps ob^[cds @ kf
@O\c yns m0o:eIm X	x:ebs \<
=	"
t
fiffi	" FffyIX3xI\#XRis @ ^Im\ XbxI\#Xgm Xnk[cjeIc s @ kImi[.yIXL\#X)`IeOxpeOonh Xn@nf?ZiXnxns `gcds kIlC@kIXmqcd\_^I`gc ^n\#XffeIcYc yIX
cds uXi%: [eWJ$cq@3mgyO@[ ebh h 
"@O\eIc5h XIepmqcYc yIX3uL@imqc5xI\@ o:eiobh X 
tmqc \_^I` c ^n\#Xgm-e.m X t^IXnkI`IX`IeOkf @i\_u(s m
\ Xpebh s m X[Z2s k0c ypX#5 )xnh @bcffxI\@OZt^I`[X[Z o J 	$	%'&	f<\@ u(c yIXL<-s Xnkbkpem798D: xpe:`nade:lbXeOkIZmgyO@[.k
s kG>s lt^n\#XnA=65  Z g-zklbXnkpXL\flebh 
s c s meu0eIc \s

c ypeIc5yO@th ZnmHf
@O\=Xpep`byxpeis}\ @nfYopepm XgmGc ypXxp\@ opeOons h}s c J
c @f
@O\_u e	opepm X	xpeis}\<wF)ybs m0xI\@ o:eiobs}h}s c J{s mffiZbXbxns ` cjX[Z2o J;e3m t^peL\ X 
fl[.yO@im Xe:\#XIe;`O@i\P\#XgmgxO@kIZnm.cq@
c yIX	e:` c ^peihxp\@ opeOons h}s c J NFffyIX \ X[mg^nh c s kIl xbh @ncs mffmgxnh s cs kgc @ eOk ^bxbxIXL\QU \Ps l ygcc \Ps eOkIl]h X yO@th Z]s kpl eih}h
s kgf @i\_u3e[c s @k	eOkIZ e h @[GXn\ U h X fflcffcd\Ps eOkIlth X	mgyO@[s kIl @knh Jc y@bm XAopepm X{x:ebs \ m)c ypeIc)eL\ X xpe:\ c @bfHc yIX
uL@bmqc)xp\@ opeOonh Xmqc \_^I` c ^n\#Xi
(2  3/ fi
)( 	*0ff1)  fi $"
F)yIXRZ]s R:XL\ m XRc [H@gUEZ]s uXnkIm s @ k:ebh \#Xnxp\#Xgm Xnkgc eIcds @ k[m f
@i`b^[m @k c yIXRXIepm XWUx@nf U ^[m X*f
@O\)c yIX yb^bu0eOk
\ XpepZiXL\ 
 [.yns}h X oIXLs kpl s kpeOxbxp\@ xp\s eIcqX f
@O\-f ^n\ c ypXL\`O@ u;xi^gcjeIc s @kpeih'eOkpeih JIm s mI F)yns mAh XIe:Z*c @Rc yIX
`L\#XIeIcds @ ko@nfffiuL@O\#X;`S@u;xb^gcjXL\QU f<\Ps XnkIZ]h J k@nc e[c s @k[mL@bfHm XI`S@ kIZOe:\6J	mqc \_^I` c ^n\#X 
?Xns c yIXL\-s keOkX

e:` c
@i\YeOkeixixI\@

s u3eIcqX0f_eImgybs @ k
+  
,ND'2_( '
*
'"(a,1
 
	
*
9,
*
' _(,
 
fi
 ffi*


F)yIXopepm Xxpeis}\Gh}s mqcyO@th Znm-f @O\'XIe:`ny	opepm Xxpeis}\?c yIXs kpZbX

Xgm0@bf'c yIXffc [H@Axpe:\ c s `WU
s xpeIcds kIl2opepm Xgm 
epm$mgy@O[.k4s k`>s lt^n\#XjA 
4

,.-) 
'" (,'/
*

 


FffyIX2ma@ `Ieih h X[Z <-s Xnkbkpe{mqc \s kIl @O\  Vw@ncxUWh\fle:`na Xgc  kO@bcjeIc s @k 
.\#Xnxp\#Xgm Xnkgcqm
c yIX m X[`O@ kIZieL\QJRmqcd\_^I`gc ^n\#XReIm e m Xt^IXbkI`[X @nfZ1@bc m eOkIZ @xIXnkns kIly@O\.`Lh @im s kIl op\#e:`nadX c mI
FffyIX;Z@ncqm\#Xnxp\ X[m Xnkgc;^bkixpeis}\#X[Z opepm Xgm3eikpZ xpeis}\ m @nfoI\fle:`na X cqm\#Xnxp\#Xgm Xnkgcopepm X{x:ebs \ m 
m X[X
>s lt^n\#XGA 
4

0
Q.
*
|"Ofl
'

F)ybs m \#Xnxp\ X[m Xnkgc e[c s @k(s mopepm X[Z@k 6 7 6.f
@O\2^bkbx:ebs \#X[Z o:eIm X[m eikpZ 6 v 6)f @O\
x:ebs \#X[Z o:eIm X[mI=FffyIX ki^bu;oIXn\ m)f
@th h @[s kIl l]s RpX3c yIXm s ,[XC@bf c yIX	s kpZ]s Rbs Zt^peihXLh XnuXnk[c m 
Xi l

 s m5e;ypeis}\_xns k3`S@k[m s mqc s kIl @nf%A4opepm Xxpeis}\ m$eOkIZCA4^bkbxpeis \ XIZ{opepm Xgms k.c yIXypeis}\_xns k
h @@xOH:-kX

eOuxnh Xs m.ZbXbxns ` cjX[Z s k`>s lt^b\ XjA 
4

s
$9	)u_ a,1
 
	,fi.%	?	flfi
*
,2 br'Z&(	
*
n_ _
	
 ] 
) ,a' D'"_
'
*
'"a,
 
	
*
z k 65SE m XRpXL\fleihYeixixI\@

s u3eIcqXR\#Xnxp\#Xgm Xnkgc eIcds @ k[m f
@O\G798D:
m X[`S@ kpZie:\6Jmqc \_^I` c ^n\#X ypeORpXoIX[Xbk xI\@xO@bm X[Z 
$9	2,
*
'`
,
 
'
*
x 
'

F)yIX*`S@Oe:\ m XRl]\fleis kIX[Z mqc \_^I` c ^n\#X k@nc e[c s @kReOo[mqc \flep`gc m{f<\@ u c yIX
s kIZ]s Rbs Zt^:ebhm s ,[X[m @bf c yIXmqc \_^I` c ^n\flebh=XLh Xnu0XnkgcqmI Yeis \Pxbs k[m 
Gs k[cqXL\Ps @i\h @@ xIm 
ob^nh liXgm 
Hu;^nh cds U
h @@x[m 
 mqc e:`na m;eOkIZ X

cqXL\_kpeih opepm Xgme:\#X \ XbxI\#Xgm Xnk[cqX[Z o J    
 z  
 h  
  M  
 E|  
eOkIZ
 l  
?\#XgmgxIX[` c s R:XLh JgN>Z@O\c yIX;X

eOu;xnh X	s c\#Xgmg^nh cqms kc yIX	\#Xnxp\ X[m Xnkgc e[c s @k	mgyO@[k{s ku>s lt^n\#X
A=
4

 
'
 
&a'(r 	2,
*
'- ,
 
('(

F)yns m2\#Xnxp\ X[m Xnkgc e[c s @k s m{ZiXL\Ps RpX[Z fE\p@u c yIX `S@e:\ m X*lt\#eis kIX[Z o J
e:ZbZts kIl{mgxIX[`Ls X`ff[GXLs ltygcqm  Xi lGm s ,[X  cq@ XIe:`nyXLh XnuXbkgc 
eOkIZ	mgyO@[.k4s k`>s lt^n\#XGA 
4

z k
B
y:eix[cqXL\ff] 
zGZbXgm `L\Ps opX c ypX s u;xnh XnuXnk[cjeIc s @ k @nfe kIX\[wuX c yO@OZ,f
@O\ 7H8D:&m X[`S@ kpZie:\6J
mqcd\_^I` c ^n\#X*xI\#X[Z]s ` c s @ kRz cs m4o:eIm XIZr@ k4c yIX2k@nc s @ ku@nf(	$4! 	 ! 5	 
  !u@O\ ! 	
+ ! f @i\ mgyO@O\ c[
|"ypeOxIX[m3e:\#X`Lh epmjm Xgmff@nfmqcd\_^I`gc ^n\#XgmL[.yns `bymgy:e:\#X;mqc \_^I` c ^n\flebhtfPXIeIc ^b\ X[m 
"mg^I`ny4epm.c yIX{kpXgmqcds kIl @nf
ypeis}\_xns kImI-le:`nymgypeOxIX s m0ZbXgm `L\Ps opX[Z,o J	eA\#Xnxp\#Xgm Xnkgc eIcds RpX4mqc \P^p` c ^b\ X4eOkIZ2emgxIX[`ns X`AkO@nc eIcds @ k 

c yIX3mgy:eixpXgmkO@nc eIcds @ kO
zk&(,2_ '
*
(	"a,1
 
	

T s c y c ypX mgy:eixpXgm2kO@nc eIcds @ k s c s mAxO@bmjm s onh X c @ eOo[mqc \fle:` cf<\@u mqc \_^I` c ^n\fleih
ZiX cjeis h mffieOkIZc @lbX c-eOkL@1RpXL\fleih}hs u;xp\#Xgmjm s @k @bfc yIX 798D: mqc \_^I` c ^n\#Xi.zklbXnkIXL\fleih 
^bkbx:ebs \#X[Z
\#X[lts @ kIm*e:\#X \#XnxI\#Xgm XbkgcqXIZCo J 6

6$eOkIZ xpeis \ XIZ \#X[l]s @ k[m,o J xpeis}\ m/@nf 6  6$eOkIZ 6  6  F)yIX
h XRpXLh @bf.eOo[mqc \flep`gcds @ k `IeOk opX `ny@bm Xnk eIcff[ffis mgy  z cs m xO@bmjm s onh X cq@*X

`Lh ^IZiX eOk\J c JixIXm@nf
mqc \_^I` c ^n\fleih XLh Xnu0Xnkgc{epmo[GXLh h eIm{m s kIl]h XRmqcd\fleOkIZnm{f<\@ u oIXLs kpl \#Xnxp\#Xgm XnkgcjX[Z{FffyIX u @bmqc
eOo[mqc \fle:` cffRpXL\ m s @k Z]s mgxnh eWJpmj@ kbh J ypeis \Pxbs k[m4eOkIZ,u;^bh c s}h @(@ x[mG[ffis c y@ ^gc	\#X[lie:\#Z]s kIl ^bkbx:ebs \#X[Z
o:eIm X[m 
?epm3s c0s mffX

Xnu;xnh s XX[Z s k > s lt^n\#X A 
4
: ZbX c eis}h XIZAZiXgm `L\Ps xgc s @k s m)l]s RpXnk s k	|X[`gcds @ k
]=
4

	@


MD 98ff+ 
UŁ0/  -4ffi	Ł+ ID -%O0HLffi

~ffifcqXnk 
s c s m%@bf"s k[cqXL\#Xgmqc'cq@.ZbX cjXL\_us kpXc ypXffi\ Xnh eIcds @ k@nftc [H@0@O\uL@O\#X0798D: m X[`S@kIZie:\6Jffimqcd\_^I` c ^n\#XgmI
Fk@ s k[fXL\c yns m.\#XLh eIc s @k	s cs m)^Im X fE^nhncq@ a:k@O[ y@O[ m s us h e:\f@O\Zts mjm s u;s}h e:\"c yIXffmqc \_^I` c ^n\#Xgm.e:\#Xie>Z@O\
c yns mffi\ XpeIma@kffm XR:XL\flebhuXIepmg^n\#Xgm@bfZ]s mjm s us h e:\Ps c J 
=s  Xi Z]s mqc eOkI`[Xu0XIepmg^n\#XgmypeORpX3oIX[XbkZbXR:XLh @xIX[Z 

XIe:`nyy:eSRis kIl{s cqm mgxIX[`Ls X`0e:ZgRLeik[cje:lbXgmeOkIZ;Z]s m e:ZgR:eOkgc epliXgmI XL\#XziZbXgm `L\Ps oIXc yIXL@ kIX[m5c ypeIc e:\#X
^[m X[Z	c yn\@ ^Il yO@ ^gcc yIX0f
@ h}h @O[s kIl{`ny:eix[cqXL\ mI
   41
A fi
 <fi 1  (4#%
F)yIX $	!  
	fifl #fi ! 	5j@bf c [H@mqcd\_^I` c ^n\#Xgm0s mffiZbXX"kIXIZ eIm-c ypX;kb^iu;oIXL\D@nf opepm Xxpeis}\ m$c ypeIc$e:\#X
^bkns  ^IXAc @ @ kpXu@bfffic yIX{mqcd\_^I` c ^n\#XgmI >Z@O\5c [w@ mqc \_^I` c ^n\#Xgm6	G[s c yRopepm X x:ebs \ m
0eOkIZ

	ffic yIX0f
@ h}h @O[s kIl eOxbxnh s Xgm	

6	ff
∑
fiffiflffi! 
{
ffi 6"
$#	
%
6"
&	 '
∑
()flffi+*
{
ffi 6

#&
%
6

&
 A 65 
F)yns m)Z]s mqc eOkI`[X4u0XIepmg^n\#Xs m0xI\@ZRis ZbX[Z-[s c y 	&-,/.4fE\p@uc ypX <-s Xbkbkpe 798D: x:ep`bade:lbXi
$9	)`_ a,
 
	(,fi.%		flfi
*
, cbr'1&(	
*

&
 2  $6 * 4$& $ &fi #%  <fi 1 6# 
F)yIX   
+5ff% fi% 	ff#fi ! 	5
 

s m4e m h}s ltygc h J uL@OZ]s XXIZdR:XL\ m s @ kr@bfjlt^:e[c s @kdA    XL\#X
mqcd\_^I` c ^n\#Xgm;e:\#XA\#Xnxp\#Xgm XnkgcjX[Z eIm0m X cqm @bfffopepm XAxpeis}\ mI

46E8   2u0XIeOk[mc ypeIc\#Xgm s Zt^IXgm 4eikpZ 8
f
@O\_u e opepm X4xpeis}\Hs k ]e>Z@O\c [w@	mqcd\_^I` c ^n\#Xgm  6	ffic yIX0f @th h @[s kIlAeixixnh}s Xgm	
 


6 	ffi 
{

	
 


6	

	
 


	 6  
2[.yIXn\ X

	
 


6 	ffi 
∑

  !  flffi! 


*  * fl *

{
C 4 ff 4  C
C 8 fi 8  Cffifl
|A 
4

 

s m0mqcd\Ps ` cdh J xO@bm s cds RpX{eOkIZ m JiuuX c \Ps ` 
Yob^gc0Z@iXgm	kO@bcffm eIcds mqf J	c ypXcd\Ps eOkIlth X s kIXt^peih s c J o:5h U
c yO@^IltyRs c	s m kO@nce*u0X cd\Ps `2s k c yIX u3eIc yIXbu0eIcds `Ieih m XnkIm X 
5s c4oIXnypeORpXgm t^ns cqX \#XIepma@ kpeOonh J eIme
Z]s mqc eOkI`[X4u0XIepmg^n\#Xi
   0ff 9fi   ) <fi 1  (4#%
F)yIX   	flfi  5+ #fi ! 	5
 !

s m*opepm X[Z @kRc yIX,X

cqXbkIZbX[Z 7H8D:&f
@O\#Xgmqc \#Xnxp\#Xgm Xnkgc eSU
cds @ k,s kgcd\@OZt^I`[X[Z o J #"O`ny[mgu3eikik X c4eih p5O] ffeOkIZ ZiXnxns `gcqX[Z s k >s lt^n\#X A 65 Ee	g FffyIX kO@OZbXgm
@nfHcd\#X[Xgm;\#XnxI\#Xgm Xbkgcds kIly7H8D: mqc \_^I` c ^n\#Xgme:\#XXns c yIXL\v<eis}\  U=@O\h <epm X  U kO@OZbXgmI F)yIX;f
@ h}h @O[s kIl
X[Z]s c @ xIXL\fleIc s @ kIm{e:\#X eOxbxbh}s `peiobh X Ropepm X*\#Xnxnh ep`IXnuXnk[c 
.o:eIm X ZbXnh X c s @k 
)xpeis \ff\#Xnxnh ep`IXnuXnk[c	eOkIZ
xpeis}\HZiXLh X c s @k 
 m `S@O\#X[Z,o J	`O@bmqc`S@kgc \s ob^gc s @k[m%$& 
'$)( 
+*,& 
+*-( \#XgmgxIXI` cds RpXLh J {Ws RpXnk e4Zts mqc eikp`[X
fE^bkI`gcds @ k/. 
2[s c y.
10
6
0
 $2&63.
10
6 ff$)( 64.
65
6
5
 7*8&;63.
15
6   7*-(3eOkIZ emqc \_^I` c ^n\#X
ebh s ltkiuXnkgc9 \#Xnxp\#Xgm XnkgcjX[Z,epm;e4f @O\ X[mqc 
Yc yIX{Z]s mqc eOkI`[X m `O@i\#Xm@nf5c yIX{eih s ltkbu0Xnkgc	s mZiXX"kIX[ZReIm
:

9  
∑
;=<>@?BADC <FE
.
G
 9F)yns m3h XIe:Znmfficq@c yIX0c \#X[X;eih}s ltkbu0XnkgcffiZts mqc eikp`[X
H!


6	 IJLK
:

9

6	6M 
 |A ffiA 
[ypXL\#XI9

6	R:e:\Ps Xgm @ZR:XL\ ebh hOmqc \_^I` c ^n\#Xeih}s ltkbuXbkgc mn@bf -eOkIZ 	:F)yns mffZ]s mqcjeOkI`[X{uXIepmg^n\#X
s m3s kp`S@O\Px@i\fleIcjX[Z*s kc yIX3cq@@ h	$	    =N8 @ncjX3c y:e[c
 !


eih c yO@ ^Il y opepm X[Z`@ ke;c \ XIXX[Z]s c
uL@iZiXLh 
"s m.Z]s 'XL\#Xnkgcf<\@ u(c yIX #c \#X[XX[Z]s cffiZ]s mqcjeOkI`[X  65p <
  	 N   *  ) fi  <fi 1 6# 
7"Xnu0Xnu;oIXn\s kIl0c yIX0h eOkIZnm `peixpX\#Xnxp\ X[m Xnkgc e[c s @kN@nf"c yIXm X[`S@kIZie:\6J0mqcd\_^I` c ^n\#X)mgx:ep`IX 
c [H@ffR:eih h XJIm
e:\#X m Xbxpe:\fleIcqX[Z o J e uL@^bkgc eis k @i\ffim e:ZbZ]h XO : mqc \P^p` c ^b\ X u @O\Pxiyns kIlRfE\@ u @ kIXmR:eih h XJAc @Rc yIX
@nc yIXL\ypepm-cq@ @ZRpXL\#`S@uXc yns m0@ oImqcje:`Lh X 
?u0XIeOkns kplAs c)ypepm$c @4lieis k3f<\#X[X3XnkIXL\#lgJ;c @	`Lh s u;o	^bx3c yIX
uL@ ^ikgcjeis kOH~kI`[Xc yIX3xIXpeias mffi\#XIe:`nyIXIZc yIX[HeWJ)Z1@[.k.cq@0c yIX3o@nc c @u@nfc yIXn@nc yIXL\R:eih}h XJff`IeOk
oIX;xpXL\ f
@O\_uX[ZC[s c yO@ ^gc-X k@O\ c[wF)yIX0XnkIXn\ lZJ	kpX[X[ZbX[Zf @O\c yIX3epm `[Xnkgc.\#Xgm Xbu;onh Xgm5c yIX3ep`gcds R:eIcds @ k
XnkIXL\#lgJ;kpX[X[ZbX[Zf
@O\=c yIXffic \fleOk[m s c s @k\#XIe:` c s @ k;oIX c [GX[Xbk)c yIXffic [H@3mqc \P^p` c ^b\ X[m$eOkIZs m `Ieih}h X[Z ff   
$	fi% < :$kX

eOu;xnh Xs ml]s RpXbk4s k`>s l ^n\#XCA ffiA=
F)ypX 5   $	fi% #fi ! 
	5
OP
[HepmDX\ mqc s kgc \p@OZt^I`[XIZ	o JL7?Xnybuffmgu0XLs Xn\ p5I <5z cGs mYZbX[m s ltkIXIZ
ff) $9	)u_ a,1
 
	,fi.%	?	flfi
*
,2 br'Z&(	
*
?
-
l
\#XIe:` cds @ k x:e[c y
|%5
|
4
|=
|?A
| E
|fl]
:  
: 
: 
: 
: 
	   'L3  3

l

eiuxnh XffixpeIc y f<\@umqcd\_^I` c ^n\#X|k5Hcq@.mqc \_^I` c ^n\#Xffi|=;FffyIX5XnkpXL\#lgJopeL\\Ps XL\?oIX c [HX[Xnk
mqcd\_^I` c ^n\#Xgm|%5eOkIZ |= s m
: 

2[.yIXL\#XIepmoIX c [HX[Xnk|=4eOkIZ |%5s c)s m C
: 
C
'
C
: 

C
c @*`IeOxgc ^b\ X c yIX2u;s kns u0eih=eOuL@^bkgcN@nfffiXbkIXL\#lgJ kIX[`[Xgmjm eL\QJAf
@O\ c yIX u @th X[`n^nh X cq@ mgyns fflc4oIX c [HX[Xnk
c [H@ mqcd\_^I`gc ^n\#XgmIj: c \fleikIm s c s @ k xpeIc yf<\@u fficq@&	;s ml]s RpXbk2o J{e	m X ^IXnkI`[Xu@nf.s kgcqXn\Pu0X[Z]s e[cjX
mqcd\_^I` c ^n\#XgmI0^iX c

$ZiXnkO@ncjX3c yIX0f<\#X[XXbkIXL\#lgJj@bfff
2OP 
6	  IJ
{
 	
OP

6	

	
OP

	 6	

2[.yIXn\ X
 	
OP

6	  IJLK

* GC-* s m-c \fleikIm s c s @ k{xpeIc y3fE\p@u Hc @	 M 
 [.yIXL\#X


*    ,K

#

  C 4s mffs kgcqXn\Pu0X[Z]s e[cjXmqc \_^I` c ^n\#X4s kI* M
 A IE 
:GmGc yIXki^bu;oIXn\ @bfGxO@imjm s onh X;x:e[c y[ms m5X

`[Xgmjm s RpXLh J;h eL\ liX 
]c yIX3s uxnh XbuXnkgc eIcds @ k^[m X[m$efflt\ XIX[ZgJ
yIXn^n\Ps mqc s ` c @*eixixI\@

s u3eIcqX
OP
 :h}s mqc;s moi^ns}h Z [.yns `ny yO@th Znm3f
@O\ XIe:`ny2opepm X2xpeis}\Hc ypeIc;ypepm0c @
oIX`nh @bm XIZ 
 mgyO@O\ c h J % !  
tc yIXopepm Xxpeis}\ m c ypeIc.ypeORpX.cq@ oIXL@ xIXbkIX[Z 
 mgyO@O\ cdh J  
 4![ F)ypXff`Lh @bm X
[ffis c y c yIX h XIepmqc kb^buoIXL\n@nfff@ xIXnkIm2s m `ny@bm Xnk 
s c m-@xIXnk[m eL\ X xIXL\ f
@O\_uXIZ eOkIZ ZiXLh X cjX[Z f<\@ u
c yIXj@ xIXbk{h s mqcn@nfGc yIX \#Xnu0eis kbs kIlA`Lh @im XgmI0FffyIXnkc yIX`Lh @im X s mxIXL\ f
@O\_uXIZAeOkIZ XLh}s us k:e[cjX[Z{f<\@ u
c yIXRh s mqc[ F)yns mAxp\@i`[XIZt^n\#X s mA\ XbxIXIeIcqXIZ ^bkgc s}hGkO@ `Lh @bm X s m{h X fflc[ > s kpeih}h J 
)x@bmjm s obh Xr@xIXnk[m2kO@bc
`S@ kbkpX[` cjX[Z cq@{e;`Lh @im Xe:\#X	xIXL\ f @i\_u0X[ZFffyIXXnkIXn\ lZJ ope:\P\Ps Xn\ Z]s mqc eOkI`[Xm eIc s m XXgmffic yIXe

s @uffme@nf
e u0X cd\Ps `i.z cs m)eih [HeWJpm0k@ kU kIXIlieIcds RpX 
?epmffic ypX3mqcje:\ c s kIl{mqcd\_^I`gc ^n\#Xj@nfHe{xpeIc y	s mffeih ma@ s kc ypXm X c
@nf5s kgcqXn\Pu0X[Z]s e[cjXmqc \_^I` c ^n\#XgmI
z kffc yns ms uxnh XbuXnkgc eIcds @ k0c yIX;ypXn^n\Ps mqc s `ebh h @[ m-cq@ s kgc \@iZt^p`[XC@O\?cq@ h XIeORpXoIXbyns kIZ2h @ kpXLh J opepm X
$9	)`_ a, ffi	(,fi.%		flfi
*
, cbr'1&(	
*
ff2
xpeis}\ mI F)yns m s m{kO@bcfPeOR@ ^b\#eOonh X 
5epm h @ kIXLh J,opepm X*x:ebs \ m{uL@imqcdh J*ypeORpX*xO@im s c s RpX XnkIXn\ lZJ `S@ kgc \Ps U
ob^gc s @ kImIoF)yIX2\ X[mg^nh cs m0c ypeIc;h @kIXLh J opepm X2xpeis}\ m	h XIe:ZAc @,ybs ltyIXn\ f<\#X[X XnkpXL\#l]s XgmC[s c yO@ ^gcl1@(@iZ
\ XpeIma@kOo>]^n\ c yIXL\_uL@O\#X 
?c ypX ypXn^n\Ps mqc s `4Z1@OXgmkO@nc.c eOa X;`IeL\ X @bfkpXLs ltyioO@ ^n\Ps kIl*`nh @bm X[m @O\H@xIXnk[m 

uXIeOkns kIl0c y:e[c c yIXffif @O\Pu3eIcds @ kn@nfenX2RpX0opepm X3xpeis}\mqcjXnuus ltygc-oIX3xpXL\ f
@O\_uX[ZeImGf
@ h}h @O[ m	=> s \ mqc
opepm X2xpeis}\ 5 s m`Lh @im X[Z 
-kIX

ckn\<IA 
 c yIXnku] 

4

DE
H\ X\RpXIeih}s kIlReOk s kgcqXn\Pu0X[Z]s e[cjX mqc \_^I` c ^n\#X-[s c y
c [H@As kgcjXL\_kpeih=h @@x[m)eOkIZ 
c yIXn\ Xgf
@O\#X 
yns ltyf<\#X[XXbkIXL\#lgJ 
F%@;`S@xIXe[s c y.c yIXgm X)Z]\fleW[.ope:`na mffzO\#XX"kIXIZc yIXyIXn^b\s mqcds `)cq@;eih}h @[ @knh J`peik@ kns `IeihLmqc \_^I` c ^n\#Xgm
eikpZc @{eih ma@	cjeOa X`pe:\#XG@nf m X t^IXnkgc s eiht`Lh @im Xgm @O\;@ xIXnkImIffzk	u @i\#XZbXgcjeis}hOc ybs m3uXIeOk[m 
c ypeIc5c [H@
`Lh @im XgmeOkIZ2c yIXLs \ @ xIXbk[me:\#X{`O@ u;obs kIX[Z s f$c yIX\JAe:\#X kIXns ltybo@ ^n\ m eOkIZ,kO@ @nc yIXL\)kIXLs ltyboO@^n\0@nf
c yIXCX\ mqc)`Lh @im X{s meih}\#XIe:ZgJ `Lh @bm X[Z	z k;c yIX`Iepm Xj@bf @xIXnk[ms c3s m0`nyIX[`ba X[Zm[.yIX c yIXL\Gc yIX`n^n\P\#Xnkgc
@ xIXnks m5f
@ h}h @O[HX[Z o JeOk @xIXnk [.yns `ny	ypepmkO@AkIXLs l yboO@ ^b\s kIlm@ xIXnk0cq@	`S@ u0Xi-z fc yns mffs m-c yIX0`Iepm X
c yIX[m X0c [H@-@ xpXnk[m)e:\#X4xIXL\ f @i\_u0X[Zc @OlbX c yIXL\<
   1-4' $

$  ff)1/- 0
: x[m Xb^IZ1@ aLkO@bc)s mffie0mqcd\_^I` c ^n\fleihiXLh XbuXnkgc [.yns `ny;s m-`S@u;uL@knh J;\ XIlie:\#ZbX[Z epm)xpeL\ ci@bfc yIX.cjXL\ c s e:\6J
mqcd\_^I` c ^n\#Xi FffyIX opepm s ` xp\p@xIXL\ c Jc@nf;e x[m Xb^IZ1@ aLkO@bc s m c ypeIcAs c m*opepm X xpeis}\ m eL\ X kO@bc kIXgmqcjX[Z
xI\@ xpXL\Ph J 
$ob^gc3`L\@bmjm;Xpep`by`@nc yIXL\ qs Xi	c yIXJ{Z1@ kO@nc3m eIcds mqf J l t^peIcds @ k
4
65   |tc eOkIZie:\#Z 798D:
f
@th Z]s kpleih l1@O\Ps c ybumeL\ X)kO@nc `IeOxpeOonh X=@nf?xp\#X[Z]s `gcds kIl;xIm Xn^IZ1@a:k@ncqmI9FffyIXL\#X f
@O\#X 
[.yIXnk-`S@u;xpeL\s kIl
c [H@Z]s 'XL\#Xnkgc mqcd\_^I`gc ^n\#Xgm=@nfk@kIXC798;:,m Xt^IXnkp`[X 
tc yIXJu;s lty[c5\#XnxI\#Xgm Xbkgc c ypXffic [H@	xO@bmjm s onh X^bkU
a:k@nc cqX[Z{xI\@ X[` c s @ kImn@nfYex[m Xn^IZ1@aLkO@nc-mqc \_^I` c ^n\#X 
uXIeOkns kIlc ypeIcc ypX^bkns @ kN@nf'c yIX;o:eIm Xxpeis}\ m
@nfYc yIXgm X3mqc \_^I` c ^n\#Xgms me@kIX3mqc \P^p` c ^b\ X`S@ uxI\Ps m s kIlAe x[m Xb^IZ1@ aLkO@bcg Fk@{lbX ceOk	s ZbXIe yO@[ h s a Xnh J
c [H@4mqc \P^p` c ^b\ X[mff`IeOk;`S@u;ons kIX	s ke x[m Xb^IZ1@ aLkO@bc 
=c yIX 
ff!  ##5 ff+  	!#   *: 	
  s m
`Ieih `n^nh eIcqX[ZAepm-f @th}h @[m	
^bX c  	.ZbXnk@ncjX3c ypX	^bkns @kj@bfc [H@	mqcd\_^I`gc ^n\#Xgm qs  Xi$opepm X	xpeis}\m X cqm  VHXX"kIX
*: 	
 

6	 


 ffi 
"s f  	0s m)effRLebh s Z	mqc \_^I` c ^n\#X
[s c yO@^gc.e x[m Xn^IZ@ aLkO@nc 

%

"s f  	.`S@ k[cjeis kImffe4x[m Xn^pZ1@ aLkO@bc
: 
 [.yIXL\#X2s mffic yIXkb^iu;oIXL\ @bf5opepm Xgm[ffis c y
`S@k,s `gcds kIl x:ebs \Ps kIlnms k  	)fl
|A ffi] 
F)yIX h eL\ liXL\*: -
  
.c yIX h Xgmjm*h}s a XLh J s c s m c ypeIc4c yIX c [H@ `S@ kgf @O\Pu3eIcds @ k[m2e:` c ^:ebh h J `IeOk
`S@ uons kIXs k;e4x[m Xb^IZ1@ aLkO@bcg
 ffflfiffi! #"ff$%'&(*)+
F-,/.01@12fl@3546287:9<;=.6>?1	@A12 J/9CB 9DB 9ff; @FEB RB E	.1G4S@H282 .:4;IB @J@`@3@LK M.:4C;<9NB8@;q@O97K:9P.C;<9ff@	>Q46287/9<;<.6>R9 

97/4S,!;T,U1/;Q;C,O@9P. @JK M./4C;V9=[WB ;C,SB8@X./1A4S,%462Y7:9<;<.S>Z1A>[.N\L@>[.-462 @9P.62 JN>[.62]1/;<.:ED;q@j@L@/.X1@O@S;C,/.6>^;T,U1@
@JK M.:4;V951U9=9CB 0H@U.:E%;q@XEB ^.S>R.@;Q4S287:9<;=.6>R9/_
B
.S@;T>'1	2:; @X4S287:9<;=.6>`1@U1	2 J/9CB 9aB 9b;C,/.c@O@;IB @J@n@S3`EHB 9<;P1	@U4:.
ff1 $9	)u_ a,1 ffi	,fi.%	?	flfi
*
,2 br'Z&(	
*
 9P.:. .:4C;TB @J@uA _
4
 K/.; [b.:.S@G;C,/.OBY@/EB R	B EH7U1	2 @JK M./4C;V9GKU.6B8@/0 46287:9<;=.6>[.:EL_`F-,/.S>R. 1A>[.N; [H@ \c1  @>
\!.C;C,O@	E9e@3 46287/9<;<.6> BY@/0 K ,B .6>'1A>[4S,SB 4/1	2L46287/9<;<.6> BY@/0 1@/E U \c./1@:9 462Y7:9<;=.6> B8@/0L_
 B .6>'1A>[4S,SB 4/1	2^46287/9<;<.6> BY@/0 4/1@3V7S> ;T,/.S>ffK/.97	K/EB R	B E.:E BY@;q@ 1A002 @J\c.6>'1:;TB RA. \c.C;T,@	ES9 
D[ ,SB 4S,

>@	4/.:.:E K J!9P.6> B .90@S3 3 7:9CB @J@:90@S3 ;C,/.L@LK M.:4C;<9!B8@;q@G0>@J7

9 
1@/ENEB R	B 9CB RA.D\c.C;C,O@	ES9 
2[W,B 4S,%9P.

U
1A>'1:;=.c;C,/.N@JK M./4C;V9ff97/4:4:.9=9CB RU.62 J B8@:; @G9\%1	2 2 .S> 97K/9P.C;V9/_w: [(B E.62 J7:9P.:E ,SB .6>'1A>[4S,SB 4/1	2L46287:9<;=.6> B8@U0
\!.C;C,O@	E B 9 ;C,/.G@L@/.C@3HT 1A>[E p5SP _ *.

>p@

@9P./EF1D462Y7:9<;<.S>+BY@/0 \!.;T,O@E 
?[ ,/.6>[.N1/; ./1A4S, 9<;=.

B8@!;T,/.X1@U1	2 JU9CB 95;C,/.D7@SB @J@G@S3*.RU.S>QJ

@	9=9CB8KS2 .X46287:9<;=.6>

1	B >bB 9a4S@L@:9CB E	.6>[.:E 1@/ED9P4S@>[.:EF7:9CB8@U0 ;C,/.
.6> >p@>97\nUx@S3U9 J7U1A>[.9Q46> B ;=.6> B @J@_ F-,/.c7@SB @J@ff0	.C; ;TB8@U0c;T,/.!2 @O[ .9<; .6> >@>97	\0Ux@S3 U9 H7U1A>[.9(B 9 ;C,/.S@

.6> 3
@> \!.:E _F-,/.:9P.X9<;<.

9-1A>[.>[.

./1/;=.:E 7@;TB 2@O@ \ @	>[.

1	B8>+BY@/0 B 9

@9=9CB8K2 .	_i: >[.

>[.9P.@;=1/;TB @L@
@S3L;C,/.53 7:9CB @J@:9

.6> 3
@> \!.:E B8@?;C,/.a97/4:4:.9=9CB RU. 9<;<.

9?B 9 0B RU.S@!K J(1(E.@/E>@	0>'1\N_ : 9Z;C,SB 9a\!.C;C,O@	E
12 [ 1WJ/95.@/ES9ff7

[WB ;C, @J@U.ff462Y7:9<;<.S>k@S3*1282g@LK M.:4C;<9 
B ; B 9a1A4C;T7A1282 J!;T,/.!E.S@/EH>p@0>'1\ [ ,SB 4S,

@HB8@:;V9
; @N;C,/.K/.9<;c@7\DK/.6>;@S3b462Y7:9<;=.6>R9ff1	@UEN;T,/.SB > 4S@J@:;=1	B8@U.:E`@LK M.:4C;<9/_
  #"ff$%[&W*) 	  -ffi
N"X$  U& -fi^ 
 fi   Affi
Fk@E	1WJ 
;C,/.6>[. 16>R. 0.S@/.6>'1	2 2 JD; [w@; J

.90@3 1

>@1U4,/.9-;q@G9<;C7/EgJu7H8D: 9P.:4S@L@/E	1A>6JN9<;I> 7/4C;C7S>[.9/_
>JB8>R9<; 
 ;C,/.O9CB8@/0H2 .F9P.H7U.S@/4:. 1

>@1A4S,U.9 [ ,SB 4S,

>[.:EB 4C;D;C,/. 9P.:4S@L@/E	1A>6J 9<;T> 7/4C;C7S>[. KU1U9P.:E @J@
.


.6> BY\!.S@;P1	2 2 J E.C;=.6> \ B8@U.:E.S@/.6>[0gJ

1A>'1\!.C;=.6>R9/_ .:4S@J@UE 
ff4S@L\

16>[1/;TB RU. 1

>p@1A4S,/.9 ;C,U1/;
;I>6JN; @ B8\

>@ZRA. ;C,/.6B8> >[.97S2 ;V9NK JO7:9CBY@/0 3 7@U4C;IB @J@U1	282 J >[.62]1:;=.:EO9P.H7U.S@/4:.9/_CF-,SB 9D\c./1@:9 ;C,U1/;!1
>R.:9P./1A>[4S,/.6>[ ,O@!3
@L7@/E%1c@/.[ 3V7@/4C;TB @L@U1	2(798D: B8@e@J@U.a9

./46B .9(,U1U9*;q@ff9P.U1A>[4S,(3
@>flB ;<9*3V7@/4C;TB @L@U1	2
,O@J\ @H2 @0 B8@u@S;C,/.6>?9

.:46B .9 ;q@ K/.1KS2 .G;q@ B8@:3+.6>Q;C,/.4S@L\ \L@L@D9<;T> 7/4C;C7S>'1	23 ./1/;T7>R.:9G@S35;C,/.9P.	_

@G\nJG@

B8@SB @J@ 
;T,/.G>R.U12;=1U9DB 9W;q@FB8\

>@1RU.c;T,U. 1@U1	2 J/9CB 9n@S3b9CBY@/02 . 9P.H7U.S@/4:.9X1U9(;T,SB 9e[H@J72 E
1282 @[ 3
@> >R.S2 B 1KS2 .

>[.:EB 4;IB @J@:9!3
@>Z9CB8@/02 .7@A@@O[ @ 9P. H7/.S@/4/.9/_iFff,SB 9%BY\

>p@1RU.S\c.S@; 4S@L7S2 E  @>
9,O@J7S2 E w@3`4S@J7S>R9P.XKU.%KU1U9P.:EN@J@%>[.97S2 ;V9Q3 >@J\ 4S@J\

1A>'1/;IB RU.(9<;T7UEB .9/_

@ ;C,/. 3
@J2 2 @O[WBY@/0 9P.:4;IB @J@:9

E.

B 4C;X;C,/. \ @9<; >[.62 .RA1@; 9CBY@/02 . 9P.H7U.S@/4:. 1

>p@1A4S,/.9o@S3N798D: 9<;I> 7/4C;C7S>[. 1@U1	2 J/9CB 9/_ >Z@>
4S@J\

>[.S,/.@:9CB8KSB82 B ; JN>[./1U9a@L@:9 1@/E 1U9

E1@G@O@; \%1I.!7/9P.n@S3^4O@J\

1A>'1:;TB RA.-1

>@1A4S,U.9 


[WB 282@O@;

>[.9P.S@:;(;C,/.9P._

	  3/-4#5/-(0
 0'&fi #5 fi $& )1' $& < *   fi #  0$ 0   fi


@U1\ B 4

>0>'1\ \ BY@/0ff 9,fi> ;
flffi
1	2 0	> B ;T,\!9O1A>[. 4:.S@:;I>'1	2 ;  4!L\

7:;=1/;TB J@A12 9P. H7/.S@/4/.
1	@A12

9CB 9/_#" .62 2$6@fi&% @ .('S1\

2 .9 1A>[. ;C,/.*) .:.:E2 .S\c1@,+-" 7@:9P4S, 1	2 0>+B ;T,	\ .&/ -30>!02 LKU1	2
9P.H7/.S@U4:. 1	2 B 0J@\!.S@:;,1Z;C,/.2fl\ B ;C, +-" 1/;=.6> \c1@ 1	2 0> B ;C,\ 4365 ?30>(2 	4/1	29P.H7U.S@/4:. 1	2 B 0H@\!.@;
1	@UE;C,/.7)?7:9=9CB8@fi8D30H2 EB8@/0 1	2 0	> B ;T,\ 39>;:<)>= 9P./4!J@/E1A>

9<;T> 7/4C;C7S>[.

>[.:EB 4C;TB J@ ?3@._=b9!1	2 2

>A

.6>
fl
12 0> B ;C,\ff9!1fl;T,/.:9P.N1	2 0	> B ;T,\!9%16>R.N0H7U16>[1@;=.:.:EO; CBfl@/E;C,/.D

;TB8\%1	29EJ287;TB L@D30>
;T,/.SB > 7@UE.6> 2

BY@/09P4!> B8@/09P4,/.S\!.1\!./1@SBY@/0X;C,/.

1	B >F%WB 9P.!9P.!GH7/.S@U4:. 1	2 B 0J@\!.S@:;H%WB ;T,D\c1'B8\%1	2
9P4!>R.%1@/EX;C,/.ff9P.:4!J@UE	1A>

9<;T> 7/4C;C7S>[.%(B ;T, \c1'B8\%1	2@7\ KU.6>IS3 KU1U9P.

1	B >R9!1>[.9

.:4C;TB 8U.62

_KJff,SB 9
.('

>R.:9=9P.9N;T,U1/;%;C,/. >[.97S2 ;V9LS3(;C,/.O1	2 0>+B ;T,	\ff9N16>R.OE.

.S@/EBY@/0M8U.6>

\ 7/4S,2J@ ;T,U.6B >a9P4fi	> BY@/0
9P4S,/.S\c.9/_NJff,/.KU1U9P.

1	B8>%9P4fi	> BY@/0O3 ;C,/.P)Q7:9=9CBY@fiQ8 1	2 0>+B ;T,	\ B 9F;  9CB8\

2 B 9<;TB 4 ;R 0HB 8U.
1U4/4S7S>'1/;<. 9<;I> 7/4;T7S>[.

>[.:EHB 4C;TB L@1 9CB8@/4:. ;C,/.E> B 8	B8@/0 39>[4:. B8@9<;T> 7/4C;C7S>[.30	> \%1:;TB L@ B 9 ;T,/. 2 9=9
S3 3>[.:..S@/.6>[0

_SJff,SB 9 2 	9=9S3 3>[.:.N.S@/.S>R0

E	.

.S@/E9TL@ ;C,/. B8@/EB 8B EJ7U1	2`KU1U9P.9-;C,U1/;W39> \ KU1U9P.

1	B >R9N1U9U%b.S2 2^1U9VJ@ ;T,U. 9<;P1A4QAB8@/0WS3%KU1U9P.

1B8>R9/_X:fl./0B L@:9D3c7	@

1	B >[.:E KU1U9P.9 B8\

2 B 4/1/;<. B8@
 
	
	 fifffl	ffi  
!
\9<; 4/1U9P.9G1 0	1	BY@ BY@O3>[.:. .S@/.S>R0

1	@UE E	.9<;=1KSB82 B ":.F;T,U. 9<;T> 7/4C;C7S>[.	_XJff,/. B8@/EHB 8B EH7U1	2 .S@U.6>[0


1A>'1\!.C;=.6>R9 1A>[. E.C;=.6> \ BY@/.:E .('

.6> BY\!.S@;P1	2 2

1@/E 0	.C; >[.,Bfl@U.:E 3 >L\ ;IBY\!.O;  ;TB8\!. #@1$33 _
=52 ; 	0	.C;T,U.6>W;T,/.

1A>[.F4/1	2 2 .:E ;C,/.%$fl&('*)+&-,/.0$fl&(1 23fl4fl567)8&*$fl&()92/:<;=5#fl&(>@?%1@/E 30	> \ ;T,U. 9P4fi	> BY@/0
9P4S,/.S\c.ff30>K:<)>=9<;I> 7/4;T7S>[.

>[.:EB 4C;TB J@OKU1U9P.:E L@%3>[.:. .S@U.6>[0

\ BY@SB8\ B 9 1/;TB J@_
=
;fl
12 0> B ;C,\ 30>: )>= 39H2 EB8@U0S%H	> C9?BY@5; %<!9<;=1A0.:9/_ J-,/. B>R9<;

1A> ;,14/1	2 2 ./E-;C,/.KB2821	2 0 +
>+B ;T,	\ 164/1	2 4S72 1/;<.:95\ BY@SB8\D7\ 39H2 EB8@U0ff.S@/.S>R0HB .9 39>L1282 97K(%<>[ES9<3J;T,U.Q9P.!GH7/.S@U4:.	_

;`9<;P1A> ;<9%WB ;T,
1282

.S@;P1@7/462 .!S;TB E.:9BAc1@/EN.('U;=.S@/ES9 ;R 2 16>R0	.6> 97	K %<>[ES9c7:9CB8@U0 ;C,/.!9

.:46B BL.:EO>[.:4S7S> >[.S@/4/.9/_ J 

>[.,8U.@;5.('

L@/.S@;TB 1	2.('

2 9CB J@1flB8@;=.6> \!.:EHB 1/;<. >[.97S2 ;<9 1A>[. 9<; >[.:EGBY@ ;=1KS2 .9 1@/E 4U1	@-;T,/.S>R.39>[.
K/.F>[.S7:9P.:E B8@ 97K:9P.!GJ7/.S@; 4/1	2 4S7S2 1/;TB L@:9/_J-,U.9P.:4!L@/E 12 0> B ;C,\ 1 4U1282 .:E KU1A4QT;I>'1A46BY@/0 1 4!J\ +

7;=.9ff;C,/.D9<;I> 7/4;T7S>[. 1/;V;=1	BY@SB8@/0 \ B8@SBY\ 7\ 3 >[.:..S@/.6>[0

K

9P.U1A>[4S,SB8@U0 9

9<;=.S\c1/;TB 4/1	2 2

;C,S>AJ7U0H,
;T,/. \c1/;T>+B 4:.9;S3

>[.:4!L\

7:;<.:E.S@U.6>[0B .9/_$J-,/.ff;=1U9W30	>`;T,SB 9 1	2 0> B ;C,\ B 9a;R >[.SK7SB82 EN;C,/.

1/;T,
 ;T,U.a9P.!GJ7/.S@/4:.SS39<;I> 7/4;T7S>'1	2A.S2 .S\c.S@;<9
ffi
;C,U1/;?2 ./1AE!; ff;C,/.!\c1/;T>+B ' .62 .S\!.@; %WB ;C,c\ B8@SBY\ 7\ 3>[.:.
.S@/.6>[0

_ =a@.S2 1Kfi>'1:;=. >[.,Bfl@U.S\!.S@:;	S3a;T,SB 9KU1A4QT;I>'1A46B8@U0 4/1@ K/.F7/9P.:EF;  1AEEB ;TB L@U1	2 2

E.6> B 8U.
97Kfi

;IBY\c1	2	9EH2Y7;TB J@/9/_
C
.9CB E.:9%;T,/.ED .S@U.6>[0

\E.62 FR1;C,/. >R.:97S2 ;<9	3?;T,U. 9<;T> 7/4C;C7S>[.

>[.:EB 4C;TB J@ 1 .9

.:4SB 1	2 2

39> ;C,/.
97Kfi

;IBY\c1	29EJ287;TB L@:9!1^1	2 9E E.

.@/E7L@ ;C,/.%;


.9 S3 9<;I> 7/4C;C7S>[.9ff;T,U1/;-1A>[. 4!L@:9CB E.S>R./E K

;C,/.
12 0> B ;C,\N_HJ-,>R./.%;


.9-1A>[.L6@fi&% @%3>AJ\ 28B ;=.6>'1:;C7S>[.
G
H
fffl JIKff	LMKNO	L@fffl/P J-,/.9P.G1A>[.1	2 2H9<;I> 7/4;T7S>[.9c;C,U1/;ff1A>[. 8	B 1KS2 . %WB ;C, >[.:01A>[EO;R ;T,U.D.S@U.6>[0

\		E.S2 _
 Q RNSK	LMKNO	L@fffl/P

9EH2]1/;<.:E KU1U9P.

1	B >R9!1-\c./1@SB8@U0KU1U9P.

1	B >R9 %WB ;T, @fi 1AEBT1A4:.S@; KU1U9P.

1B8>R9!1b1A>[.O0.S@/.6>'1	2 2

>R./0	1A>[E.:E 1U9GKSB H2 0B 4U1282

2 .9=9\c./1@SB8@/0S3 7S2`1@/E 4/1@;C,/.6>[.C39>[. K/.
@U.:02 ./4C;<./E %WB ;C,fiJ7:;!2 9CBY@/0 KSB H2 	0B 4/1	2>[.62 .,8A1@/4:._
Ufl	LVfl	ff
fi	LMKNO	L@fffl/P = 9<;I> 7/4;T7S>[.ffB 9*4/1	2 2 .:E!9 1:;C7S>'1/;<./E%B 31282/B ;V9Q,/.628B 4:.:9b4/1@@fi;?K/.5.('U;=.S@/E	.:E
1@

3V7S> ;T,/.S>QK

2 .:012KU1U9P.

1	B >R9/_
J-,U.%1Kfi8U.%EB 9<;TB8@U4C;IB J@ 3Z;


.9S3*9<;T> 7U4C;T7>R.:9X,U1U9ff\ BY@fi> B8@(,fl7/.S@/4:. J@c;T,U.D\ B8@SBY\ 7\ 3>[.:.
.S@/.6>[0

9<;T> 7/4C;C7S>[. K7;N\c1WT->aBY@,fl7/.S@/4/.CJ@;C,/.97K&

;TB8\%12J9EJ287;TB L@:9/_fiXQ> : )>= 9P.fiGH7/.S@/4/.9
Y1L;T,/.@	7\ K/.S> 3 97Kfi

;TB8\c1	29<;I> 7/4C;C7S>[.9  	>Z9CB ":. S3 ;C,/.%9P./1A>[4S,D9

1A4:.
ffi
0H>&%?9-.('

J@/.S@:;IB]12
%(B ;T,%;C,/.N2 .S@/06;C,[Z 3 %Y]\R^fl__`XQ> 3+./1U9CB8K2 . 9<;T> 7/4C;C7S>[.9 ;C,/. 1

>!'BY\c1/;TB J@V3 ;C,/.X0>A&% ;C,
B 98a flbcI1 39>a4/1@fiJ@B 4/1	2 9 ffi,flbQc 1@/E 39>59 1/;T7S>'1/;=.:E ffi8fldQc^_CJff,/. .(e^.:4C;B 9 1	2 9E 9,fi&% @ BY@G;P1	K2 .
f
_F.	_

Hg8hi
J-,/.SB>R9<;
fl
1	2 0> B ;C,\ KU1U9P.:EDJ@!;T,/.=$fl&('O)V&j,/.k$fl&(1 2Q3fl4fl5K6S)l&*$fl&()92/:;=5#fl&(>@% 1U9 BY@;I>AEH7/4:.:E K

m
7 .6> 1@/EMH;TB .:0H2 .6>0\43
#
__

;DB 9D1 ;I>'1AEB ;IB J@U1	2
fl
1	2 0	> B ;T,\D15\c./1@SB8@/0 ;T,A1:;B ;NB 9 EB 9=9P.:4C;=.:E
B8@; N1SB282S1@/EN1 KA1U4I;T>'1A46B8@/0N9<;P1A0.	_<J-,SB 9KB>R9<;<8U.S> 9CB J@% 1U9a4/1

1KS2 .3Z4/1	2 4S7S2 1/;TB8@/0D;C,/.8;onp&!+
9<;I> 7/4C;C7S>[.J@S2

_=a@-BY\

>AQ8U.:ES8U.6>R9CB J@11	2 9E%4!J\

7;TB8@/0!97Kfi

;TB8\c1	29EH2Y7;TB J@/9 % 1U9?BY@;T>EH7/4:./E
B8@q\srfl_M_2Jff,/. \	9<; >[.:4:.@;U8U.6>R9CB L@23a;C,/. 1	2 0>+B ;T,	\t\?3
^@1u#_(B 9B8\

2 .S\c.S@;=.:E BY@G;C,/.wvxy{z
|
}@~ Bk  ŁOl+B@BjB -Bj* ŁjjB-BŁO B/+lj OjB/j @lB s
M
 j ( /j k+BM¡ ¡ @¢@+BW£jJ¡j¡ -ujM (B¤B¥p(uŁl£¦¡ B@§*¨BkjBj¡ + ŁW©pª¥(7+B
j¡ W «@¬B Łl  ­j¥Q+¥p(fl£ljB Ł«O /®W
   [
	fl	 ¢ Q fiff{	ffiQ
 IKff P J\

1A> B 9EJ@S3`;C,/. 9<;T> 7/4C;C7S>[.ff9

1U4/.-9CB ":.:9Q39>3+./1U9CBYKS2 .1L4/1@fiJ@SB 4/1	21@/EX9 1/;T7>[1/;=.:E
9<;I> 7/4C;C7S>[.9/_ 1
ffi


28B 4:.:E
	./1AE.6>V: )>= 3 >L\	L_*4!J2 2 	9EJ\%1_O=K
ffi
J!_ ;C,/.6> \	

,SB82 1Q>AJ7

.
:ZB8K&fl"

\c.

L\c1	B8@_ M4
ffi
)5_L46>'1U9=9 1E^6 > : )>=W_ JZ1  .S@%3>AL\ 8U.6>R9-1@/EQB ./0.6> B 4S, \?3
f
_
  fffiffiflff! #" $ff%'&(%) $ff%*  +, --.)0/%*  .
132
+, %4 5-6
1 7
6
1
%*8* 5'6
1 7
6
1
%*0* 5-6
1 7
6
1
%*0*
9
;: <>= ? 5'@ ACBED'F

@ ?>= AHG0IJBED-FffiK @ ?L@ MEBED'FONQP
9
/': =R@ =
7R7
D>GSD-ITBED'FVU 5'6 5'=ffiW ACBED-FffiX 5-6 5-@R= AYG8ATBED'F N

9
$ff: ?L6 5 < 5ZW%<R[ 5 < ?
7R7R7
5 = IHG0IJBED-FffiK

1A4QI1A0.fi\?3rfl__LJ-,/. >R./4S7S> >[.S@/4:.9O7:9P.:E B8@;C,SB 9 1	2 0	> B ;T,\ >[.'\L.:4C;c;T,U.GE.:4!L\

	9CB ;TB J@2S35;C,/.
9P.:4!J@UE	1A>

9<;T> 7U4C;T7>R. BY@;  B ;<9 .62 .S\!.S@:;=1A>


1A> ;<9!1%@U1\!.62

,U1	B8>

B8@2 

1 9<;=1A4QI.:E

1	B >-1c2 .C3 ;
K7S2 0	.1c> B 0H,; K	7S2 0.1cB8@;=.6> @U1	2Q2 

1c\ 7S2 ;IB82  

1	@UE .('U;=.6> @U1	2Q2  

_

@ 3 1A4C;1a;T,/. 1	2 0> B ;C,\
EB 9<;TB8@/0J7SB 9,/.:9 K/.; %b.:.S@ 2  

9 4!L@;P1BY@SB8@U0 .1>3 >(\	>R.N;C,U1@C3 KA1/9P.

1	B >R9/_ = ,U1	B >

B8@ 2  

B 9D1M. +P2 

K/./4/17:9P. S3ffB ;V9D462 	9CB8@/0 KU1U9P.

1B8>_ 3 +P2  

91A>[. 9<;P1A4Q .:E

1	B >-1?2 .C3';GK72 0.1a> B 0H,:;
K7S2 0	.ff1@/EDB8@;=.6> @U1	22  

1	2 2

9=9P.9=9CBY@/0 1%KU1U9P.

1	B >1AEEB ;TB L@U1	2/; !;T,/.SB >462 	9CB8@/0UL@/.	_ =^]+P2  

_]a` a
ffi
B 9 >[.C3+.S>+>[.:ED; D1U9a1N\ 72 ;TB 2  

%(B ;T,b]D9<;=.S\ff9 -L@/.-9<;=.S\ 4fiJ@;P1	B8@SBY@/0D;T,/.!462 	9CB8@/0OKU1U9P.

1	B >1@/Ec]edgf?9<;=.S\ff9?KU>'1	@U4S,SB8@U0UJ7;
ffi
_ Jff,/.	.,+Z1@/ES3Q+P2  

9 Bfl@/E-;C,/.6B8> .('S1A4C; 1@U1	2 0J@cBY@5;C,/.6B >
>R./4:4S7S>[.S@/4/.9/_KJ-,U.W>[.:4:4S7S>[.S@U4:.(39> 1h]+P2 

4/1U9P. B 9?@&S;*.('

28B 46B ;,11/9QB ;Z1	2 %Q1

9 E.:4fiJ\

9P.9*;C,/.
2 

BY@;RD1-9P.6> B .9 S3bKSB 3V7S>[4/1/;IB J@:9ff>R./0	1A>[E2 .:9=9 S3`;T,/.ff.('S1A4C; @	7\ K/.S> 3`9<;I> 7/4;T7S>'1	2S.62 .S\c.S@;<9WB8@
;T,/.%\D7S2 ;TB 2 

_

@ ;C,/.W4/1U9P.S3^1 #Q+P2  

 97U4S,ff1U95B8@W;!: ) = 9!1¢XLB 0H7S>[.
f
_ #@1
ffiEffi
;C,SB 9(\c./1@:9!1S;C,U1/;
;T,/.T 9 1\c.
ffi
\ 72 ;TB 2  

4/1@cK/.WE.:4!L\

	9P.:ENB8@ ; %<% 1

9OGK._Z9<;=.S\


287/9; 9<;=.S\


2Y7:9 9<;<.S\
 i$ffi
1 1U9 9,&fi% @BY@XJB 0H7S>[.
f
_ # =K
ffi
1 3 _; 9<;=.S\


287:9 9<;=.S\
4ffi

287/9(9<;=.S\
 i
1 1U9(9,fi&%W@XLB 0H7S>[.
f
_ # M4
ffi
_T" ,U.S@4/1	2 4S72 1/;IBY@/0 ;C,/. ;wn&+9<;T> 7/4C;C7S>[. J@S2

1^;T,B 9X1	\DKSB 0J7SB ;

,U1U9D@& EB 9 1AE 8A1@;P1A0.9!1
9CB8@/4:. ;C,/. \ B8@SBY\ 7\ B 9 9<;IB82 2;T,/. \ BY@SB8\D7\N_ Jff,/. @U.:0	1/;IB 8U.O.e^.:4C; 3a;C,SB 9N1	\DKSB 0J7SB ;

4fiJ\!.:9
B8@; 

2 1

% ,/.@X1	2 9ED97	Kfi

;TB8\%1	29<;I> 7/4C;C7S>[.9-1A>[.%4!J\

7;=.:E 1fl>R.:97S2 ;TB8@/0 B8@N>[.

./1/;=.:EJ7:;

7:; S3
.('S1A4C;T2

;T,/.D9 1\!.X9<;T> 7/4C;C7S>[.	_

@D;T,U. 4/1U9P.LS351@ ;!: )>=;1;T,/.1	2 0> B ;C,\ %<L7S2 EF4!L\

7;=.X;C,/.
462 8U.6> 2 ./1/3Q9<;I> 7/4;T7S>[. ; %(B 4:.	_
= @F. 'U;<.@:9CB L@ ;  97Kfi

;IBY\c1	2fl39J2 EBY@/0 1@/E 1B> 9<;D9EH287:;IB J@ ;  ;T,U.

>AJK2 .S\ 3X>[.

./1/;=.:E
9<;I> 7/4C;C7S>[.92% 1U9 BY@;I>AEH7/4:.:E B8@ \Rrfl__ Jff,/. KA1/9CB 4 B E./1 4/1\!.%WB ;T, 1/; ;=.S\

;V9;  . 'U;<.@/E ;C,/.
12 0> B ;C,\ ;R 30H2 E 4SB >[4S7S2]1A>C: )>=W_jL1A4S, KU1U9P.

1	B >klnmo(pGEB 8B E	.9O;T,/. 9P.:4fiJ@/E	16>

9<;T> 7/4C;C7S>[.
B8@;  1@0DMB8@U46287/E	.:E3 >'1U0J\!.S@;WF%(B ;T, .@/.6>[0
rq
klsmto(p51@/E1@0D . '646287UE.:EG3 >'1U0J\!.S@;WF%(B ;T, .@/.6>[0

q
kuoffim;l,pC_ Jff,/.(97\ S3;T,U.9P. 39H2 EB8@U0 .S@/.6>[0B .9WB 9 ;T,U.!\ B8@SBY\ 7\ 3>[.:.W.S@/.6>[0
cqwvyx8z
S3^1(9<;T> 7/4C;C7S>[.
4!J@;P1	B8@SBY@/0 ;T,/.FKA1/9P.

1B8>jklnmto(p_VJ-,U. \ BY@SB8\D7\ 3
q
klnmto(p|{
q
k}o%m'lQp 8U.6>51	2 2

	9=9CB8KS2 . KU1U9P.

1	B >R9 B 9G;T,U. \ BY@SB8\D7\ 3>[.:. .S@/.6>[0

S3!;T,U. 46B8>R47S2 1A>: ) = \?3O~
_M_

@ >[E.6>ff;  0	.C; \ 7S2 ;IB

2 .
39H2 EB8@U0S9c39>b146B >[4S72 1A> : )>=O%WB ;C,SB8@C 3 ;C,/.;onp&fi1^B ;cB 9-97;46B .S@;-;  B E.S@;TB 3

;C,fi	9P. KU1U9P.

1	B >R9klsmto(pfl39> % ,SB 4S,
q
klnmto(pffi{
q
k}o%m'l,pTk#fdYf%OHpV
qŁvyx}z
1@/E 97K:9P.fiGH7/.S@;T2

E.S>+B 8U.?;C,/. KU.9<;
9<;I> 7/4C;C7S>[.W4!J@:;=1	B8@B8@/0c;C,U1/; KA1/9P.

1	B >_ Jc0.S@/.S>[1	28B 9P.(;C,SB 9

>A	4:./EH7S>[.W;  28B8@/./16> : )>=;1U;T,/.ff2 BY@/./1A>
\H2 .:4S7S2 .OB 9,U1@/E2 .:E 1U9 B 3 B ; % .6>[.G46B >[4S7S2]1A>_

@1AEEB ;IB J@1 2 

9%4fiJ@;P1	B8@SBY@/0 ;C,/.L>+B 0B8@ \ 7:9<;
K/.D;I>[./1/;=.:E 1U9ff9

.:4SB 1	2 4/1U9P.9/_oX	>Q.('S1\

2 .1 1F,U1	B >

BY@ 2  

4!J@:;=1	B8@B8@/0 ;T,/.D> B 0BY@ K/.:4!L\!.9
; %<G9CB8@U02 . +9<;T>'1@/E.:E >[.:0B J@:9!1/; ;T,/. ^ +a1@/E
f
 + .S@/E3 ;T,U.: )>=W_ " B ;T,%;C,/.9P.\!.C;C,fi	E9!B ;-B 9

9=9CBYKS2 .c;  E.S>+B 8U.N\ 7S2 ;IB

2 .-39J2 EBY@/0S9 39>IJ@/.L: ) = \J2 .:47S2 .1`K7;Q;C,/.

>AJKS2 .S\ S3 >R./EH7@/E	1@;
J7;

7;N>[.S\c1	B8@/9/_­XQ>Q.('1	\

2 .1 .U1U4, KU1U9P.

1	B >$S3a;T,/. ;onp&!+9<;I> 7/4C;C7S>[.0.@/.6>'1/;<.9 ;T,/.fi;wnp&!+
 
	
	 fifffl	ffi   
\ 7S2 ;IB +
2  

9<;=.S\

9<;<.S\

9<;=.S\
 i
9<;<.\

9
;:
KSB 3V7S>[4/1/;IB J@
KB 3 7>R4U1:;TB L@9<;=.S\

9<;=.S\

9<;=.S\
 i
9<;<.S\

9
/;:
KSB 3V7S>[4/1/;IB J@
KSB 3 7S>[4/1/;TB J@ 9<;=.S\
 i
9<;=.S\

9<;<.S\

9<;=.S\

9
$-:
H
 LVff  P

.:4!L\

	9CB ;TB L@31!\D7S2 ;TB 2 

S3E.:0>[.:.#@197/4S, 1U9QB8@a;:<)>= 9/_K 1
ffi
I .C;=4S,S31
\ 7S2 ;IB82 

S3 E./0>[.:. #_HJff,/.
m
7 .6> + J;IB .:02 .S>

>A	4/.:EH7S>[.

B .62 ES9(; %<

	9=9CB8KS2 . E.:4fiJ\

9CB ;TB L@:9
E=K
ffi
1	@UEW4
ffiEffi
1 % ,/.S>R.U1/9c;C,/. " 7/4,;


>A	4/.:EH7S>[.

B .62 ES9!9EJ2 .62

;T,U.DE./4!J\

9CB ;IB J@G9,fi&% @OB8@
M4
ffi
_
    [
	fl	 ¢ Q fiff{	ffiQ
9<;I> 7/4C;C7S>[.	_

@L	>[E.S>b; F.62 BY\ B8@A1:;=.D;T,B 9D>R./EH7@/E	1@/4

1 ;C,/.D39H282 &%WB8@/0 EB 9<;P1@/4:.F\!.U1/97>R. 	

% 1U9ffBY@;I>AEH7/4:.:E¢G
 	
ffk
N
m
P
p 

x  ffflfiflffi ff
"!$#

x % &%fiflffi &%

{ '
l
N
d l
P
'
'
o
N
dco
P
')(

f
_Rr
ffi

@H%<>[ES9!1639>H./1A4S,-KU1U9P.

1	B8> BY@*
N
1&Bfl@/E(;C,/.(KU1U9P.

1	B >B8@*
P
97/4,Q;T,U1/;fl;C,/.

	9CB ;TB L@U1	2CEB e^.6>[.S@/4/.
B 9W\ BY@SB8\%12 _>J-,/.

9CB ;TB L@U1	26EHB e^.6>[.S@U4:.S3fl; %<KU1U9P.

1	B >R9 klsmto(p 1@/Eak.]m +QpbB 9b;C,/.%\%1,'B8\ 7	\OS3
;T,/. 8A1	2Y7/.9S3
'
lffd ]
'
1@/E
'
oŁd,+
'
_lXLB8@U1	282

1;C,/. 1A4C;C7U1	2/EB 9<;P1@/4:.- 	
bB 9b;C,/. 8A1	287/. 39> ;T,/.cKU1U9P.

1	B >(B8@.
N
%WB ;C,O\%1'B8\%12

	9CB ;TB J@A12EB e .6>[.S@/4:.	_
C
1U9P.:E L@/ 0	
(;T,U.1	2 0>+B ;T,	\ 0.S@/.S>[1/;=.9
9<;I> 7/4C;C7S>[.9-9EG;T,U1/;5;C,/.XEB 9<;=1@/4/.9 S3b1	2 2

1	B >R9ff1A>[.X0>[./1/;<.S> ;C,U1@ 1

>[./1U9=9CB 0H@U.:E;C,S>[.9,fiJ2 EL_
C
S;C, \c.C;T,&	ES9-7/9P.:E ; N4!J\

7;=. \ 72 ;TB

2 . @fiL@,+P>[.:EH7@UE	1@;a30H2 EHB8@/0S9 3Z1@L:<)>= 16>R. KU1U9P.:E
J@ ,U.S7S> B 9<;TB 49G1@/E ,U.S@/4:.O4/1@@fi;

B .62 E ;C,/.9P.C;US3 1	2 2

9=9CBYKS2 . 9P.:4!L@/E	1A>

9<;I> 7/4;T7S>[.9/_ J-,/.
@/.:4:.9=9CB ;

30> ;C,/.9P. ,/.S7S> B 9<;IB 49 \%1BY@S2

16>+B 9P.9X3 >L\ ;T,U. 1\ KSB 0H7SB ;

S3a;C,/. 1	2 0>+B ;T,	\N_7J-,7:9
B ;%9P.:.S\ff9

>AJ\ B 9CB8@/0 ;R .62 BY\ B8@A1:;=.G;C,SB 9 1	\DKSB 0J7SB ;

1 B8@7>[E.6>?;  4fiJ\!.F7

%WB ;C, 1@ 1	2 0> B ;C,\
4/1

1KS2 . 3a4!J\

7;TB8@/0 1	2 2

	9=9CB8KS2 .G9P.:4!L@/E	1A>

9<;T> 7U4C;T7>R.:9B8@1O@fiJ@+P>R./EH7@/E	1@;U%Q1

1`1U9 B ;XB 9
E.9P46> B8KU.:E BY@%;T,U.c39H282 &%WB8@/0 9P.:4C;TB L@_
13254
(IQ	
J-,/.;B>R9<; 9EJ287;TB L@ff4!

B8@/0V%(B ;T,(;C,/.-1\ KSB 0H7SB ;


>AJKS2 .S\#3;T,/.
m
7I.6> + H;TB .:0H2 .6>^1	2 0	> B ;T,\ % 1U9

7KS28B 9,/.:E K

" 7U4S,;

.C;!1	2 _\ ~fl_M_

;cB 9!1^1U9 %b.S2 2 1U9 vxy{z
|@1 KU1U9P.:E J@D;T,/. @/./16>R.:9<;D@/.6B 0H,KfiL7S>
.S@/.6>[0

\		E.S21	@UEOB8\

2 .S\c.S@;=.:E B8@%;C,/.c;R H27698;:<>=;?A@>B;C2% ,SB 4,GB 9

1A> ; 3*;T,U.
i
B .S@	@U1 : )>=

1A4QI1A0. \ED{__ Jff,/.c.9=9P.S@;TB 1	2	EB e^.6>[.S@/4:.c;  ;T,/.DK/.C30>R.\!.S@;TB L@/.:E1

>A1A4S,B 95;T,/. 67${1$F67&HGfl& I
J
5
;KQ5/,1J.@15
$o5n ; 6S>J.@1 > 5
5LKfl,:_HJ-,/.
m
7 .6> + H;TB ./02 .6>

>A	4:./EH7S>[.DE	.:4!J\

9P.:9ff1G\ 72 ;TB 2  

7:9CBY@/0
1c9P.6> B .9S3QKSB 3V7S>[4/1/;IB J@:9;% ,/.6>[.c./1A4S,X.62 .\!.S@;54/1@NK/.!1NKB 3 7>R4U1:;TB L@B ;<9P.62 3=_HJ-,/.S" 7U4S,;


>A +
4:.:EH7S>[.c;T>[./1/;V9-\D7S2 ;TB 2 

9-BY@c1%EB e^.6>[.S@;$%Q1

1J1	2 2 &%(BY@/0D39>fl;C,/. B>R9<;5.62 .S\!.S@:;K3*1NKB 3 7>R4U1:;TB L@
J@S2

9<;=.S\ff9-1@/E @&3V7S> ;T,/.S>aKSB 3V7S>[4/1/;IB J@_=XQ>*;T,U. .('S1\

2 .%3 >AJ\ 1Kfi8U.X;C,SB 9 %<J7S2 E >[.97S2 ;XB8@
1 KB 3 7>R4U1:;TB L@NB8@; N1!9<;=.S\ 1@/E 1!97K/9P.!GH7/.S@:;ffKSB 3V7S>[4/1/;IB J@US3 ; %< 9<;<.S\!9;M9P.:.=XLB 0J7S>[.
f
_ # M4
ffi ffi
1
K/.6B8@U0G;C,/.UJ@S2


9=9CBYKS2 .D1	@UE;T,U.6>[.C39>[.7@B GH7/.DE.:4!L\

	9CB ;TB L@_
Jff,SB 9 7@SB GH7/. E./4!J\

9CB ;IB J@X3\D7S2 ;TB 2 

9 1282 &%?9 ;C,/. 9

9<;=.S\c1/;TB 4 1@/E @fiJ@,+P>[.:EJ7@/E	1@;
0.S@/.6>'1/;TB J@MS3c97Kfi

;IBY\c1	2`9<;T> 7/4C;C7S>[.9/_OJff,/. KA1U4I;T>'1A46B8@/0 S3ff97	Kfi

;TB8\%1	2^9EH2Y7;TB J@/9 B 9

.S> +
39> \!.:EDB8@W;C,/. % 1

;C,U1/;

1A> ;TB 1	2/9<;T> 7U4C;T7>R.:9 1A>[.!>R.Bfl@/.:EGK

.('S1A4C;T2

>[.,8U.6>R9CB8@U0X;C,/.

;TB8\ B 9 1/;IB J@

>A	4/.:EH7S>[. 7:9P.:EN; G0.S@/.6>'1/;=. 9<;T> 7U4C;T7>R.:9W3>AJ\#9\c1	282 .6> 97K:9<;T> 7U4C;T7>R.:9/_$J-,U.X.('S1A4C;

>A	4:.:EJ7S>[.
39>^;C,/.%97K&

;TB8\%12 KU1A4QT;I>'1A4QDB 9 E.9P46> BYK/.:E B8@o\ ~{__
M
L@II  s 	 RN
132N4
-ff
NS
LPOw	LMKNO	L@ff L@ff
  RNO	 .Qq ffiff 
L@	  	 RWN/	 

@-.!GH7B 2 BYK/> BY7\ 1J;T,/.XB8@/EB 8B EJ7U1	2\	H2 .:4S7S2 .9 S3Z1	@D: )>=



7S2]1/;IB J@TS3fl;C,/. 9 1\!.(9

./46B .9(EG@fi;
	4:4S7>1	2 2,%WB ;C,5;C,/. 9 1	\c.?9<;T> 7U4C;T7>R._5S 9<;S3;C,/.S\ 16>R.ffB8@W1(9<;=1/;=.a462 9P.a;Rff;C,/.ff\ff3+.1K	7;*9EJ\!.
1A>[.XB8@%EB e^.6>[.S@;59<;P1/;<.9!1 >*BY@	;T,/.S> %<>RE9(1/; ;P1	B8@!1	2 ;<.6> @U1/;TB 8U.c9P.:4fiJ@/E	16>

9<;T> 7U4C;T7>R.:9/_J-,/.!9P.C;
S3 ;T,/.:9P.-9<;P1:;=.9 B 9 S3 ;<.@ >[.C3+.S>+>[.:EN; D1U9Q;C,/.ff.@:9P.S\ K2 .	S3Z9<;I> 7/4C;C7S>[.9!B8@c.!GH7SB82 B8KU> B87\_UT(3 \c1	B8@
B8@;=.6>[.9<; 30>a;C,SB 9.S@:9P.S\DKS2 . B 9!1 % ,SB 4S, S3%B ;V9D9<;=1/;=.9N1A>[. ;C,/. J@/.9OK/.6BY@/0 	4/4S7

B .:E \	9<;VS3
;T,/. ;TB8\!.D1	@UE K

\	9<; 3Q;T,/.B8@/EHB 8B EH7U1	2`\J2 .:47S2 .9!1 >?B8@LS;C,/.6><%<>RE9-;C,/.

>AJKU1KSB82 B ;TB .:9 S3
 
	
	 fifffl	ffi  
;T,/.-9<;=1/;=.9a1@/EX;C,/. 9<;P1/;<.% ,SB 4S, ,A1/95;T,/. ,SB 0H,U.9<;

>ALKU1KSB 28B ;

_ SD4LZ1/9AB82 2Q\439Dfl_ZBY@;I>AEH7/4:.:EN;C,/.
7:9P. 3b;C,/.

1A> ;IB ;IB J@N3 7	@/4C;TB J@; F1UE	E>[.9=9ff;C,SB 9

>ALKS2 .S\_

@D0.@/.6>'1	241`;T,/.

1A> ;TB ;TB L@D3V7@/4C;TB L@

>AQ8	B E.9%1 \!./1U97S>[.V3 ;C,/.X; S;P1	2 @7\DK/.6>S3 9<;=1/;=.9%b.6B 0H,;=.:E K

;C,/.6B8>5B8@UEB 8B EH7U1	2L.S@/.S>R0

1/;
1

16> ;TB 47S2 1A> ;<.S\

.6>'1/;T7>R._ XQ> 1@7: ) = 9P.!GH7/.@/4:.G1@/E;C,/.X9P.C;Y*S3?1282

	9=9CB8KS2 . 9<;T> 7/4C;C7S>[.9
39>^;C,SB 9(9P.fiGH7/.S@/4/.GB ;!B 9WE.,Bfl@/./E 1U9 30H282 &%?9OG
 
∑
ffi

	


f
_u~
ffi
%W,U.6>[.
q;
B 9Q;T,/.ff.S@/.6>[0

S3 9<;I> 7/4C;C7S>[.eo61 ;C,/.X7	@SB 8U.S> 9 1	20	1U954!L@:9<;=1@;  5 _?55 .&/7D ~ .V~2 4U12
ffi
1	@UE ;C,/. ;<.S\

.6>'1/;T7>R. B8@Z.62 8B8@_

@ %<>[ES9!1(;T,B 9 B 9;C,/. 97\ S3
C
H2 ;"S\c1@@ %b.6B 0H,;=.:E
.S@/.6>[0B .9;3*1	282U9<;T> 7U4C;T7>R.:9/_J-,/.

>ALKU1KSB 28B ;

X3*1c4:.S> ;P1	B8@c9P.:4!L@/E	1A>

9<;I> 7/4;T7S>[.DB 95E.,Bfl@U.:E
1/9OG
Zk(p





f
_$D
ffi
%W,U.6>[.
q 
B 9c;C,/..S@U.6>[0

3 9<;T> 7U4C;T7>R. BY@  4/1	2\J2 _L= 0.S@/.6>'1	23+./1/;C7S>[.S3 ;T,B 9 1

>1A4S,
B 9O;T,A1:;O39>2 L@/09P.!GJ7/.S@/4:.:9 ;C,/.

>AJKU1KSB82 B ;

S3G1@ B8@/EB 8B EJ7U1	259<;I> 7/4C;C7S>[. 0	.C;V9 8A.6>

9\c1	2 2 _
XQ>5;T,U. 2 ./1AE.6> S3
 i
+ 3 0.@fiJ\c.WM^fl#r @;
ffi
;C,/.

>ALKU1KSB 28B ;

39>5;C,/. ;wn& I,/.@)M6
J
.£6S)+& BY@ ;C,/.
.S@:9P.S\DKS2 .!B 9¤b
(
dffHflbewfffiflfi
Nffi
_J-,/.W4!L\

7;P1/;IB J@ S3;C,/.

1A> ;IB ;IB J@W3V7@/4C;TB L@XB 9 KU1U9P.:ETJ@W9CB8\ B 2 16>
>R./4S7S> >[.S@/4:.9%28B  .-;T,&9P.ff39>3>[.:.!.S@/.6>[0

\ BY@SB8\ B 9 1/;TB J@_ flB8@/4:.ff;C,/.

16> ;TB ;TB L@c3 7@/4;IB J@DB 9 1!97\
Q8U.6> 1	2 2

	9=9CB8KS2 . 9<;T> 7/4C;C7S>[.9!1 B ;-B 9(.:9=9P.S@;TB 1	2	30	> B ;<9W4!>+>[.:4; 4U12 4S7S2]1:;TB L@ ;C,U1/;5;C,/.D>R./4S7S> >[.S@/4:.9
1A>[. 7@A1	\DKSB 0J7fiJ7:9/_#=a@ B8\

2 .\!.S@;P1/;IB J@ B 9O1fi8A1	B82 1KS2 . B8@ 6;89:! @!"$# 3 >AJ\ ;C,/.
i
B .S@@U1 : )>=

1A4QI1A0.	_" B ;C,(;T,B 9 B8\

2 .S\c.S@;P1:;TB L@ J@/.%,U1U9b;RNK/.U1A>^BY@%\ B8@UE 1;C,U1/;*39>./1A4S, J7;=0JB8@/0X9<;=.S\
B8@ ;C,/.D.('U;=.6> @U1	2 >b1 \ 72 ;TB

2 .G2  

1^1DE1	@U02 BY@/0 .S@/.6>[0

4!L@;I> BYK7;TB J@FB 9ff1AEE.:E >[.:0	1A>[E2 .9=9US3
%W,U.C;T,U.6>*;T,U.G@/.6B 0H,KfiL7S> B8@/0 KU1U9P.9c1A>[. 1A4C;T7A1282


1B8>[.:E7>?7@

1B8>[.:EL_;J-,/.D1	7:;T,fi>R9-9<;P1/;<.c;C,U1/;
;T,SB 954/1@ K/. 9P./.S@!1U951	@c1

>A!'B8\%1/;IB J@ ;  4!1,'B 1	2A9<;P1A4QAB8@/0 16%W,&9P.-.S@U.6>[0

4!L@;T>+BYK7;TB L@DB 9(B8@
0.S@/.6>'1	2,SB 0H,U.6>*;T,A1	@%;C,/.%97\D\!.:ENE	1@/028B8@/0 .S@/.6>[0B .9/_

@ 1AEEB ;TB L@X; ;T,U.

1A> ;IB ;IB J@X3V7@/4C;TB L@
1	@UE ;C,/.

>AJKU1KSB82 B ;

S3b1@NB8@/EB 8B EJ7U1	29<;T> 7/4C;C7S>[.1 ;T,/.X1	2 0	> B ;T,\ B 9W4/1

1KS2 .V3 4!J\

7;TB8@/0N;C,/.

>AJKA1	KB 2 B ;

35KU1U9P.

1	B > B8@/039>*./1A4S,X3+.U1/9CBYKS2 .KU1U9P.

1	B >_
U
HQgEhi
J-,/.

1A> ;TB ;TB J@(3V7@/4C;TB L@W4U1	@	@fiS;<L@S2

K/.!7:9P.:Eff;Rc4/1	2 47S2 1/;=.(;T,/.

>LKU1KSB 28B ;

3^BY@/EB 8	B EH7U1	2/9<;T> 7/4 +
;T7S>[.9U>WKU1U9P.

1	B >R9/_

BY@/0 1@/E 	 1 %W>[.S@/4/.fi\ /{_ B8@;T>A	EH7/4/.:E 19<;=1/;TB 9<;TB 4/1	2L9 1\

2 BY@/0 12 0> B ;C,\
%W,B 4S,OB 9 B8\

2 .S\c.S@;=.:E B8@D;T,/. ; H2&%flxy{z
|_

@ ./1A4S,9<;<.

S3Q;C,/. >R./4S7S>R9CB 8U.FKA1U4I;T>'1A46B8@/0

>A +
4:.:EH7S>[.1QKA1/9P.

1	B8> 9 1@/E ;C,/.N9<;I> 7/4C;C7S>'1	2.62 .S\!.@;-;C,/.

K/.62 J@/0F;  1A>[.9 1\

2 .:EO1A4:4fi	>[EBY@/0 ; 
;T,/.SB >

>AJKU1KSB82 B ;

1>JK;P1	B8@/.:E 3 >L\ ;C,/.

1A> ;IB ;IB J@N3 7@U4C;IB J@G4/1	2 47S2 1/;TB J@OBY@ ;C,/.X30> %Q1A>[E 9<;=.

S3
;T,/.!12 0> B ;C,\N_XS./1/;C7S>[.9 3`;C,/.-9 1\

2 B8@U0

>A4:.:EH7S>[. 1A>[.1H;T,U1/;?./1A4S, > 7@ B 9W28B  .62

; 

>A	EH7/4/.
1FEB e^.S>R.@; 9 1\

2 . 1@/E ;T,A1:;%;C,/.9 1\c.G9<;I> 7/4;T7S>[. 4/1@ K/. 9 1\

2 .:E \ 72 ;TB

2 .G;TB8\!.:9!1 % ,/.6>[.
;T,/.E;wn&+9<;T> 7U4C;T7>R. B 9?;C,/. \9<;b3>[.!GH7U.S@;59<;T> 7U4C;T7>R.11U9WB ;W,U1U9?;C,/.X,SB 0H,/.9<;

>AJKA1	KB 2 B ;

_ ) ;<.1
;T,U1/;Q;C,/.E;onp&!+9<;I> 7/4C;C7S>[.DB 9!@fiS;a0H7A1A>'1	@:;<.:./EN;ROK/.

>[.9P.@;-B8@c;C,/.!9 1	\

2 .1H.9

.:46B]1	2 2

39> 2 L@/0
9P.!GH7/.S@U4:.9/_HJ-,/.!\c1WT->

>ALKS2 .S\D1JBY@!\


HBY@; S3@8B .,% 1HB 9 ;T,U1/;Z;C,/. 1	2 0	> B ;T,\ 9

28B ;<9 ;C,/.59<;T> 7/4 +
    [
	fl	 ¢ Q fiff{	ffiQ
;T7S>[.G9 1\

2 .OBY@;R*.fi5 46287:9<;=.6>R9KU1U9P.:E J@.S@U.6>[0

8A1	2Y7/.9/_qX	>Q;C,SB 9

7S>

9P. ;T,U.N3>[.:. .@/.6>[0

>[1@/0	. 4!8U.6> B8@/0 1	2 2L9<;T> 7/4C;C7S>[.9BY@G;C,/.9 1\

2 .OB 9 EB 8B E./E B8@:;R ;<.S@.fiGH7U1	2 2

9

1A4:.:E B8@;=.6>F8A1	2 9/_
XQ>`./1A4S,-3 >R./.!.S@U.6>[0

BY@;<.S> 8612?1;C,/.-9<;T> 7/4C;C7S>[. %WB ;C, ;C,/.X2 &%b.9<;Q3>[.:.!.S@/.6>[0

B 9?9P.62 .:4C;=.:E1/9Q;C,/.
>R.

>[.9P.S@:;=1/;TB 8U.	_H= 4!L@:9P.!GH7U.S@/4:.!4!J7S2 EK/. ;T,A1:;Z;C,/.!>[.

>[.9P.@;=1/;TB 8U.-9<;I> 7/4C;C7S>[.cB 9 3>AJ\ 1@fiS;C,/.6>
3 1\ B82

;T,U1@ 1	2 26S;C,/.6>*9 1\

2 .:EN9<;I> 7/4C;C7S>[.9XBY@%;T,U.NB8@;=.6>F8A1	2 _
4
QffQILV  RN
i
OKQ  RN
M
LV L@  J 
J-,/.

>[.,8B J7:9G9P.:4;IB J@:94!L@;P1BY@/.:E B8@30	> \%1:;TB L@ 1KfiJ7;OB8@UEB 8B EH7U1	2 ;R H2 9N30	>V: ) = 9<;T> 7/4C;C7S>[.
1	@A12

9CB 9/_

@ff;C,SB 9 9P.:4C;TB L@

EF@&S;aE.9P4S>+BYK/. 1c; J241`K7; 1\c.C;T,&	E 39>fl;C,/.D>[1/;TB L@U1	2	E.9CB 0J@ S3
;R H2 9Q;C,U1/; 7/9P.-E

@U1\ B 4

>0>'1\ \ BY@/0L_ J-,/.-4/.S@;T>[1	2B E.U1 B 9 ;R E	.9P46> B8K/.ff;C,/. 9<;T> 7U4C;T7>R.ff9

1A4:.
S3;:<)>= B8@N1	@ 1K:9<;T>'1A4C; %Q1

1@/E;  7:9P.%;C,SB 9ff1U9(;C,/.KU1U9CB 9W30	>QB ;V9-1@U1	2

9CB 9/_K=

>A	0>'1\ ;C,U1/;
% 1U9(E.8U.62 

.:EC%WB ;C,%;T,SB 9!\c.C;C,fi	EOB 95698;:< LB < 1@% ,SB 4S,V%(B82 2LKU.

>[.9P.S@:;<.:E B8@ab,U1

;=.6>^ _
Jff,/.N\c1	B8@

1A> ; 3 E.,8U.62 

BY@/0 1
;fl
1	2 0> B ;C,\ B 9a;C,/.%E.9CB 0H@ S3?>[.:47S> >R.@/4:.9ff;T,U1/;a.('

>[.9=9
>R.S2 1/;IB J@:9DK/.C; %b./.S@N;=1KS2 .9 ,fiJ2 EBY@/0 BY@;=.6> \!.:EB]1/;<. >[.97S2 ;<9/_J-,U.9P.>[.:47S> >R.@/4:.9 1A>[. EHB 4S7S2 ; ;R
.('

2]1BY@1Z,U1A>[E; OB8\

2 .\!.S@;1J97/9P4:.

;TB8KS2 . ; G97K/9P46> B

;-.6> >A> 9c1	@UE12Y\	9<; B8\

9=9CB8K2 .X; GE. +
K7/0G!9C2 B 0H,;%.6> >>R9 0B 8U. >+B 9P.N;RF97	Kfi

;TB8\%1	2J9EH287:;IB J@:9!1>% ,SB 4S, 1A>[. 8U.6>

2 1Kfi> B L7:9X; OE	.C;<./4C;_
=ZE	EB ;TB L@U1	2 2

1fl@fi 0.S@/.6>'1	2S0H7SB E1	@U4:.XBY@W;T,/. E	.,8U.62 

\c.S@;H3
fl
12 0> B ;C,\ff9(B 9?1fi8A1	B 2]1	K2 .	_ 2]1U9 +
9CB 4/1	2
fl
1	2 0	> B ;T,\!9

.6> 39> \ ; %<X;=1U9C9(B8@ff1@%B8@;=.6> 2 .U1!8A.:E 3 1U9,SB L@G«XLB8> 9<; ;C,/.

4!L@:9<;I> 7/4; ;C,/.
9P./1A>[4S, 9

1U4/.1 >WB8@C;T,U.6>%<>RE9!1Z;T,U.G9P.C;US3(1	2 2

9=9CBYKS2 .F1@:9R%b.6>R9/_2L./4!J@/E ;T,U.

.,8A1	2Y7U1/;<.
;T,/.:9P.1	@/9R%b.6>R9%1@/E \%1I. 4S,fiJB 4:.:9X1A4:4fi	>[EBY@/0 ; O9EJ\c. 

;IBY\c1	2 B ;

46> B ;<.6> B J@1 ._80 _\ BY@SB8\D7\
3>[.:. .S@U.6>[0

_ Jff,SB 9OB8@:;<.6> 2 ./1fi8B8@/0 B 9G.9=9P.@;IB]1	2`; 

>[.,8U.@;4fiJ\ KB8@U1/; 	> B]12Z.('

2 9CB J@1ffK7; ;C,/.
>R.:97S2 ;DB 9-;C,U1/;!1	2 2BY@39> \c1/;TB J@ L@D;C,/.

>LKS2 .\ 1I%W,B 4S,FB 9c1AEE>[.9=9P.:E%(B ;T,N;C,SB 9%1	2 0> B ;C,\ 1 B 9
12 9E ,SB EE.S@ BY@FB ;<9 >[.:4S7>+>[.S@U4:.9/_

@ ;C,/.G4/1U9P.LS3:<)>= 39J2 EBY@/0 97/4, ,SB EE	.S@ B8@:39> \c1/;IB J@ 1A>[.
;T,/.DE.9P46> B

;IB J@3b;C,/.%30H2 EHB8@/0O9

1A4:.1;T,/. JK£TM./4C;IB 8U.D3 7@U4C;IB J@ M.	_Y0L_c\ B8@SBY\ B 9 1/;TB L@
ffi
1@/EG;C,/.
9P4!>+BY@/0L_
=a2 0.SKU>'1	B 4
 
@U1\ B 4
fl
>A	0>'1\ \ B8@/0  =
flffi
B 9!1 \!.C;C,fi	EG39>b1	2 0> B ;C,\ E.,8U.62 

\c.S@;1flE. +
9CB 0H@/./EG; 1282 .,8	B 1/;<.c;C,SB 9(9CB ;T7A1:;TB L@11@/E

>A8B E.:9ff1%3>'1\!.%<>0ff;RGE	.9CB 0H@ 1;T7@U. 1	@UEN;<.9<;
;fl
12 0> B ;C,\ff9L@ 1@ 1K:9<;I>'1A4C;O2 .,8A.62 _O=
fl
.S@A1	K2 .9G;C,/. 9P.

1A>'1/;<. E.9P46> B

;IB J@ S3!;T,/. 9P./1A>[4S,
9

1A4:.!1@/E ;T,/.ff.,8A1	287U1/;TB L@1J9,SB 3';TB8@/0 ;T,U. 3 7/9CB J@B8@/0 ;=1U9 3>AJ\ ;T,/.

>A0>'1	\D\!.6>; %;C,/. 3 >[1\c. +
%<>0_

@ ;C,/.X30H282 &%WB8@/0

%(B82 2J0B 8U.D1 8U.S>

K/> B .C3$Q8U.6>F8B .,% 3b;C,/. .:9=9P.S@;TB 1	2

1A> ;<9S351@ =
;fl
12 0> B ;C,\ 1E.C;P1	B 2 9ff1KfiL7; =
fl
4/1@GK/.c39L7@/EFBY@o\436/ 1
f
5 1
f
. 1
f
3fl__

@	=
fl
;T,/.%9P.U1A>[4S, 9

1A4:.GB 9 E.9P46> BYK/.:E K

1D0>'1\ \c16> 1 %W,B 4S, 4U1	@GKU.X9P.:.S@D1U9(;C,/.XE.,8B 4:.
;T,U1/; E.S>+B 8U.91	2 2fl4/1@/EB E	1/;<. 9EH287:;IB J@:9N;C,U1/;D1A>[.;  K/.F.,8A1	287U1/;=.:EL_ Jff,/.F.,8A1	287A1:;TB L@ 1	@UE ;C,/.
4S,fiHB 4:.G1A>[.GBY@/4!>

>[1/;=.:E B8@1@D.,8A1	2Y7U1/;IB J@G12 0.SKU>'1 1 >[.

>[.9P.@;<./E 1/9ff1D9P.C; S3b39> \ 7S2]1U9/_J-,/.
39H282 &%WB8@/0 9CBY\

28B 9<;TB 4 . 'S1\

2 .L%WB 2 20B 8U.G;C,/.F>[./1AE.6>W1	@ B8\

>[.9=9CB J@7L@ ,fi&% 1O0>'1\ \%1A>Q1@/E
1	@c.,8A1	287A1:;TB L@ 12 0.SKU>'1 4/1@NK/.ffE.:9CB 0H@/./EGKJ-,B8@ 3^;C,/.c./1A> 2

1

>A1A4S,U.9(;R : )>= 39J2 EBY@/0FK

)Q7:9=9CB8@&Q8_Jff,/.K7SB82 EBY@/0 K2 	4T9 3;: )>= 16>R.,A1B8>

B8@ 2 

9!19<;=1A4QI.:EFKU1U9P.

1	B >R9!1^2 .C3 ;ffK7S2 0.9!1
>+B 0H,; K72 0.9!1 B8@:;<.6> @U1	22 

9c1@/E 9

2 B ;V9ff39> 9CB8\

2 B 46B ;

_ = ,U1	B >

B8@O2 

4!L@:9CB 9<;<9	3?1N462 9CBY@/0
KU1U9P.

1	B >a1@/E 7@

1	B >[.:E KU1U9P.9B8@ KU.C; %b.:.S@ 1 19<;P1A4Q .:E KU1U9P.

1	B >$S3W1 KU1U9P.

1B8>a1	@UEF9EJ\!.
9<;I> 7/4C;C7S>'1	2 .62 .S\!.S@:;cBY@ KU.C; %b.:.S@N;C,/. KU1U9P.93b;C,/. KU1U9P.

1	B8>M_c	.C3 ; K7S2 0.9!1 >+B 0H,; K	7S2 0.:9%1@/E
B8@;=.6> @U1	22 

9-,U1fi8U.!1!4S2 9CBY@/0 KU1U9P.

1	B >^1@/E 7@

1	B >[.:E KU1U9P.9 L@ff.6B ;T,/.S>fl;T,U.%2 .C3 ;,1;C,/.%> B 0H,;1 >
KfiS;C, 9CB E.9/_;= 9

2 B ;cB 9ff1@D.62 .S\!.S@:; ;C,U1/;W4fiJ@/4/1/;=.S@U1/;=.9ff; %H9<;T> 7U4C;T7>[1	2J.62 .S\!.S@:;V9/_Jff,/.V=
;fl
 
	
	 fifffl	ffi   
3>'1\!.,%<> 

>A8B E.:9 1N@&S;P1:;TB L@D7/9CB8@/0$.?	>!
ffi
; D9P.

1A>'1/;<.X1	2 ;=.6> @U1/;TB 8U. > 7S2 .9!12. 1

2

;R
ffi
;R E.S@fi;<. ;T,U. 1

28B 4/1/;TB J@3(9EL\!. 

.6>'1:; >5;  B ;V9 1A>[0H7	\!.S@;<9U% ,SB 4S,F16>R. 9P.

1A>'1/;=.:E
K
	
. @/.('A;N;  
ffi
1	@UE Bfl@U1	282




. 4S,fi 9P.(
ffi
>[.'\L.:4C;TB8@/0 ;C,/. 1

2 B 4/1/;IB J@ S3c;C,/. 4,fiHB 4:.
3 7@/4;IB J@_ *.S>R.NB 9(;T,/.N>[.972 ;TB8@/0 0>'1	\D\c1A>MG
ffflfiffiffififf! "fi#$%ffi'&%(ff)$*%(+)fffl,!-./,fffl,
&%(ff)$*%(+)fffl,0 1./fi%ff2$433365/fifl&,"7+77 fffl,8 777!5/fifl&,:99+9
&%(82/fifl%ff133365/fifl&,"7+77 &%(ff)*%(+)flfffl, 777!5/fifl&,:99+9
85)/8,;33365/fifl&,"7+77<fffl,$%=7771&%(ff)*%(+)flfffl, 777!5/fifl&,:99+9
fffl85)/8,;33365/fifl&,"7+77 &%(ff)*%(+)flfffl,>7776fffl,$%=777!5/fifl&,:99+9
/+82433365/fifl&,"7+77<fffl,$%=7771&%(ff)*%(+)flfffl,>7776fffl,$%=777!5/fifl&,:99+9
&2/( 333 &%(ff)*%(+)flfffl, 777 &%(ff)$*(+)flfffl, 99+9
)2/fiff 333 5fifl&, 777 &%(ff)$*(+)flfffl, 99+9
? 333@,%ffi2(A BBBCflfl*.+*,
) ;<.1;C,U1/; ;C,/.<B&"ED C

>A	EJ7/4C;TB J@DB8@W;C,SB 9Q. 'S1\

2 .(0HB 8U.9(> B 9P. ;Rc;C,/.W9 1\!.W1\ KSB 0H7SB ;

1U9 B8@
;T,/.
m
7I.6> + H;TB .:0H2 .6> 1	2 0>+B ;T,	\N_Jff,/.X@/. 'U; 9<;=.

B 9b;  E.9CB 0H@c1@ .,8A1	287A1:;TB L@c1	2 0	.SK/>'1ff;C,U1/; ,fiJ2 ES9
39> ./1A4S, 

.S>[1/; >3(;C,/.O0>'1\ \c16>?1 3V7@/4C;TB L@ ,fi&% ;R 9P4!>[. B ; 1@/E ;T,/.O4S,fiJB 4:.O3V7@/4C;TB L@
>R.;\L.:4C;TB8@/0 ;C,/. 

;TB8\c1	28B ;

46> B ;<.6> B J@_

@D>RE	.6> ;  9<;P1

9CBY\

2 .1;C,/. 9P4fi	> BY@/0 B 9 KA1/9P./E7L@ KU1U9P.

1	B >R9(1@/ED;C,/.ff4S,&HB 4/.c3 7@/4;IB J@T%WB 282KU. \%1,'B8\ 7	\ ;RN4!J\

7;=.-;C,/.!9<;I> 7/4;T7S>[.%WB ;C,D\%1'B8\D7\
KU1U9P.

1	B >R9/_J-,/.N>[.972 ;TB8@/0 .,8A1	287U1/;TB L@D1	2 0.SKU>'1 B 9OG
.fi%ff2?F;5/fifl&,/G fffl,$% 5/fi&,+H> IG
&(82/fiff<5/fifl&,/G &(ff)$*%()flfffl, 5/fi&,+H> IG!J=&%(ff)$*(+)flfffl,
+85)/fl,!5/fifl&,/G!ff,$8=&(ff)$*%()flfffl, 5/fi&,+H> IG!J=&%(ff)$*(+)flfffl,
ff85)/fl,!5/fifl&,/G &(ff)$*%()flfffl,<fffl,8$8>5/fi&,+H> IG!J=&%(ff)$*(+)flfffl,
F/%2;5/fifl&,/G!ff,$8=&(ff)$*%()flfffl,<fffl,8$8>5/fi&,+H> IG!J=&%(ff)$*(+)flfffl,
&2/( &%(ff)$*%(+)fffl,G &%(ff)$*%(+)flff,+H  K&(ff)$*%()flfffl,GLJK&%(ff)$*%(+)fffl,+H
)+2/fi%ff 5fifl&, &%(ff)$*%(+)flff,  K&(ff)$*%()flfffl,
$; "M
fl*./*,< ;ffifi#$Fffi)+ffi
J-,U.F1Kfi8U.O4!J\DKSB8@U1/;TB L@ 3-0>'1	\D\c1A>a1@/E .,8A1	287A1:;TB L@ 1	2 0.SKU>'1 4fiJ\

7;<.:9 ;C,/. 9<;T> 7/4C;C7S>[.
%(B ;T,;C,/.F\%1,'B8\ 7	\ @7\DK/.6>KS3ffKU1U9P.

1	B8> 9BY@ 1F>[.:4S7> 9CB 8U.C% 1

_DJff,SB 9\!.U1	@/9ff;C,U1/; B ;%<J72 E
4!J\

7;=. ;T,/. 9 1\c.

16> ;TB 1	2 9<;I> 7/4C;C7S>[. .U1U4, ;IBY\!. B ; B 9 7:9P.:E 1@/E E	.9 @&S; \%1  . 7/9P. S3

>[.:4!L\

7:;<.:E1@/E 9<;R>[.:E 9EH287:;IB J@:9/_#J 1K7S2]1/;IB J@ 4/1@ K/. 1AEE.:E K

9CB8\

2

1U9=9CB 0J@SB8@/0 ;C,/.
 .

%<>[E CL?;=&" >C  # ;R./1A4S, .S2 .S\c.S@;;C,U1/;9,fiJ72 E K/. ;P1K7S2]1:;=.:EL_ = 3 7> ;C,/.6> E>'1 % KU1A4Q
B 9!1*;C,U1/;@/.6B ;C,/.6> ;T,U. 0>'1\ \%1A>W@fi>?;T,/.F1	2 0.K/>'1 4,/.:4QC9 30>a4!>+>[.:4; KU1U9P.

1B8> B8@/0  =ONQPH1 N
$1tRNSP
ffi
_XQ>`;C,SB 9

7S>

	9P.%;T,U.S=
;fl
3>'1\!.%<>0

>AQ8	B E.9(;C,/.UTVD C  C

.S>[1/; >% ,SB 4S,B 9!7:9P.:E
;R 1

2


>R./EB 4/1/;=.9/_

@2	>[E.S>a;  .S@/97S>[. ;C,U1/;%;T,U.; %< KU1U9P.9 B8@ ;T,/.  WDX7BVDflY 1U<>CWZ BED/X 1
"?Z ?9= "$[  1\XEZ ?9= "$[ N1	@UE>DflYZfl";@9@>B

>AEH7/4C;TB L@:9(4U1	@c1U4;T7U1	282

30	> \ 1 KU1U98]
/^
B >*B ;aB 9 97VG4SB ]S@;
;R
^ ?_

;`]

>a]:EHB 4
^
;%]=TD C   ? 9<  BWDXbDflY[*%c`]6>a]
^ 
>A

> B
^
;]_P=*EEBY@d ;
^
K7
_e^
;TB L@
^
@/E
    [
	fl	 ¢ Q fiff{	ffiQ
K
^
98]
/^
B > 4?`]:4UBY@d >a]97
_
;<9%B8@%;`]9
_ _
&%WB8@/d@d>
^
\ \
^
>MG
ffflfiffiffififf0 fi8#$%ffiK&%(ff)$*%(+)fffl,!-./,fffl,
&%(ff)$*%(+)fffl,< (fi85)fi(,
 ./fiff2?43+33<5/fifl&,4777 ff,$8 77+7<5/fi&,:999
&%(fl82/fi%ff@3+33<5/fifl&,4777 &%(ff)$*%(+)fffl, 77+7<5/fi&,:999
%5)/,>3+33<5/fifl&,47776fffl,8=7771&%(ff)$*%(+)fffl, 77+7<5/fi&,:999
fffl%5)/,>3+33<5/fifl&,4777 &%(ff)$*%(+)fffl,1777<fffl,8$8=77+7<5/fi&,:999
82"3+33<5/fifl&,47776fffl,8=7771&%(ff)$*%(+)fffl,1777<fffl,8$8=77+7<5/fi&,

-?(+.

5/fifl&,82/fi%ff/ 999
&2( 3+33 &%(ff)$*%(+)fffl, 777 &%(ff)$*%(+)fffl, 999
)+2/fi%ff 3+33 5/fifl&, 777 &%(ff)$*%(+)fffl, 999
?8 3+331,%ffi2(A

BB+B fl*./+*,
5fifl&,82/fifl%ff4
	@ 15fifl&,82/fifl%ff4&, >&,	
5fifl&,82/fifl%ff

fi

)

 
5fifl&,82/fifl%ff

)

fi

 
5fifl&,82/fifl%ff

*



 
5fifl&,82/fifl%ff



*

 
5fifl&,82/fifl%ff

)



 
5fifl&,82/fifl%ff



)

 
5fifl&,82/fifl%ff    ffflfiflffi
JL`SB  ]('
^
\
?_
]L]('
"!
]fl # 8]fl %$`]L]
^
 8],+ &A+'" 8]U)("*fl]DK],+-(d.
^
\/+
_
+
^0!
%1+ $`2$`]S=
fl
(&&$
^
$+ (_

$
+  3 4$
! ^
+ d`fl$59
!
%
^0!
E6$R7+8\
 _
]S\ ]&(fl$ : )>=80
_
E+9(dDK
^
 8]:E	)(:
!
]fl]C]&(/]
!
d

\/+9(&+Y\;+  
^
$+ (1' +-(d<$`]
(]
^0!
]fl 4$(]&+ d`K&)'
!
]&(]
!
d

\E ]
_
_7JL`]*fi
!=!
]fl 

(/E+-(d d
! ^
\ \
^0! ^
(/E ],8
^_
'
^
$+ (
^_
d]SK
! ^
 
9
!

!
]fl]>]&(]
!
d

\/+9(&+Y\;+  
^
$+ (1
"!
]$5$

"!
+9($+-(d >? 4$
!
'"*$'
!
]fl 
^
 D
i
+ ]&(>(
^
FA+@ 4$
!
+9(d& !1A*!)'>($+-(d
 4$
!
'"*$'
!
]fl 
^
(/EF\	
!
]
^0!
] d+ 8/]&(B+-(U=

]&(/E+ '
C
_
C?DEFDHG I8JLKNMNO.PRQAQNOS3TVUWKNMWX8J&SZYB[\P ]?MWU^S`_VabTcO#de]fJgOflhVUJLhbOMji;OMca`klUJmklS`_
JU`]
fl
^Ln>no!

^
*?`] Rp ]fl q*
!
+9r/]p
^
rfi8/] `
^
8]s+-(t*fi)u/u	)(v$+`
^
$B$`]

%1+
_ _ ^_
%
^

 CBW("pw$`]
Q8/]
! ^_ _

n
$+9u
^_
 E
_
'$+ )(1+yx ]mxV$`];wnp&!+@ 4$
!
'"*fl$'
!
]1Q% `>+ *?`z+  H 8/]
!
Qffi
&H$]&(1(fi>$c$`]%(
^
$+ 8/]1 ${j1|{j5
 4$
!
'"*$'
!
]mx =
!
]
^
 E)(}9
!
$`&+  :u/+ d`fl$`r]1&$+`
^
$~p'
!
+9(/d2 4$
!
'"*$'
!
]?0
!
u
^
$+ (z+9($]
!
u ]p+
^
$%]F 4$
^
$] 
^mnmn
]
^0!
%c`&+ *?`
^0!
] ]&(/]
!
d ]$+ *
^_ _

 4$
^
r
_
]C]&(&)'d`%$ 
no!
],8/]&($~$+`]&+
!
u ]
_
$+9(dx?y( >$+`/]
!
%<
!
p& !1&$`]
(
^
$+ 8/]< 4$
!
'"*$'
!
]/+  ?p ]$%]
!
u;+-(]p\r

^
 
n
]"*,+ B*69
_
p+-(d
n/^
$+`%
^

%c`&+ *?`6*
^Ln
$'
!
]fl }$+`/]7u
_
]*&'
_
]
+9(
^ _
m*
^_
u;+9(>+9u/'mu \
f
f
_@x JL`]fl 8]80+9(/]$+ *1]eR]"*$5 7pw(fi&$(
_

_
]
^
p$  4$
!
'"*$'
!
]fl ;p+ eR]
!
]&(fl$

!
)u$+`][;wn&fi1Vr>'fl$
^_
 E
n?_e^

^
(\+9u
n

!
$
^
(fl$
!

_
]/9
!:!
+9rfi
"

u ]
^
*$+ 8>+ $

^
("p\*fi)(fl0
!
u
^
$+ (
^_
 R% + $4* `&+9(dx
JL`]
^_
d
!
+ $`>u2 %0
!
 +9u'
_ ^
$+9(d :<)>=9
_
p+-(d
n^
$`%
^

 6'" fl'
^_ _

*!)( + p ]
!
$`]9
_
p+-(d
^
 
^
 4$]
n
%1+  8]
^
p>p+ $+ )(U
!3!
]&u8
^_
&N 4$%]&u2 !1 4$
^0!
$+-(d/
!
)u$+`]um 4$A
^
8 )'
! ^
r
_
]1 
!
D@(m'"*
_
]
^
$+ (
n
+-(fl$5 F#x}|(:$+`/]F +-u
n?_
]fl 4$3*
^
 8]1&$`]<u	> 4$N 4$
^
r
_
]F 4$%]&u
!
)u$`fim 8]}*!u
n/^
$+9r
_
]$%1+ $+`
n"!
],8>+ )' 
_

9
!
u ]p7 4$%]&u6 F+  
^
pmp ]p
^
$ ]
^
*?`< 4$%]
n
&$+`/]
n"!
L*fl]p'
!
]1 fl'"*?`
^
 
no!
]fl 8]&(fl$%]p\r

)`' # +9(&Q8
^
("p
fl
+ ]* "fl]&(&+9 \
f
#_-15S
^0!
$+-(](" \
f
^{_-1 =Fr
!a^
`
^
u6 6]$
^_
xl\
f
rfl_@x JU`]tu
^
+-(p+  
^
p 8
^
(fl$
^
d ]&z$`]fl 8]
^ _
d
!
+ $`>u2 +  !1c$+`
^
$z$`]

p(&&$2*!( + p ]
!
p ]
_
]fl$+ )(C>` 4$%]&u6 %c`]&(&$`]
!%n/^
+
!
+9(/d& Br]*!u ]
u
!
]?
^
8 )'
! ^
r
_
]Lx}|(F$`]}9
_ _
&%1+9(/d"p]fl q*
!
+9r];u
!
] ]
_e^
rfi
!a^
$%]
^Ln>no!

^
*?`]fl `$ .o+-(]$+ *}9
_
p+-(dx
 
	
	 fifffl	ffi   
U
41
:'
_
$

^
],8U]$
^_
x\
f
~fl_
n"!

n
> 8]p
^
d ]&(]fl$+ *
^_
d
!
+ $`>u_ =
ffi
0
!
 8]*!("p
^0!

 4$
!
'"*$'
!
]
n"!
]p+ *$+ (
^
 
n^0!
$K>c$`] %;:96
n^
*>
^
d ]mx =A ? E
_
8/]
n
$+9u/+  
^
$+ )(
n"!
)r
_
]&u6 <r

 +9u'
_ ^
$+9(d;$+`]
n"!
L*fl]fl # 
&<(
^
$'
! ^ _
],8&
_
'fl$+ )(gx8y(
 `fi
!
$,1
^
 $%]
!
d ]&(]
! ^
$+9(d
^
(\+-(&+ $+
^_Vn

n
'
_ ^
$+ )(2&? E
_
'fl$+ )(" !1
^
 =
n"!
mp)'"*fl]fl b E)u ]%(]% E
_
'fl$+ ( ?r

! ^
(op)u
_

*?`
^
(d+9(dD_ = + S'fl$
^
$+ )(
ffi
$`]
no!
],8>+ ' (]fl 
^
("p
*!)ur&+9(&+-(d;*fl]
!
$
^
+9(z ]
^
$'
!
] $&cp+ eR]
!
]&(fl$
n/^0!
]&($
^_
 E
_
'fl$+ ( _ =+#
!
> # E8/]
!
ffi
xW'>r" 8]!G']&($
_

1
^
(],%
n

n
'
_ ^
$+ )(/+  d ]&(]
!a^
$%]pr
^
 8]"pV)(1 8]
_
]*$+ )(
^
**!
!
p+9(d/$ 
^
DAB$(]fl # F?*
!
+ $%]
!
+ )(gxz $%]
! ^
+
$+ )(>$`&+  
n"!
L*fl]p'
!
]!]8/]&(fl$'
^_ _

+ ]
_
p> 
^
 E
_
'fl$+ )(	%1+ $`
^
`&+ d`
_
],8]
_
&IB$(]fl # "x%y(2$+`/]2*
^
 8]
& : )>=  8]*!)(op
^0!

 4$
!
'"*$'
!
]1c$+`/]  =+ S'fl$
^
$+ )( 
^0!
]
^
p>p+ $+ )(
^
("p
!
]>uQ8
^ _
&` 4$%]&u2 
^
("p
 = +#
!
m # EQ8/]
!
+  
!
]*!u/r&+-(
^
$+ )(r]$ % ]fl]>(< 4$
!
'"*fl$'
!
]fl !1
!
] fl'
_
$+9(d+9(
^
 4$
!
'"*fl$'
!
]1$`
^
$b*!(fl$
^
+-( 
 E)u ]; 4$]&u6 z
!
u )(/] 4$
!
'"*$'
!
]
^
(op2>$+`/]
!
 4$%]&u2 z
!
)u
^
(fi>$+`/]
!
 4$
!
'"*$'
!
]mxTJU`]=DAB$(]fl # F
&
^
(\+9(op+ 8>+ p'
^_
 4$
!
'"*$'
!
]+  2*
^_
*&'
_ ^
$%]p
^
 z$`]p+ eR]
!
]&(o*fl]8r]$ % ]fl]&(+ $4 ]&(/]
!
d

^
(op$`
^
$ &
$+`]r]fl 4$} 4$
!
'"*$'
!
]1 p+ 8>+ p ]"pr

$+`/](m'>u/r]
!
&~ 4$%]&u2 ?$+`
^
$
^0!
]
no!
] 8]&(fl$;(
_

+-(T(]T&N$`]fl 8]
 E
_
'$+ )( "xy(
^
p>p+ $+ )(/$RB9
_
p+9(/d4]&($+
!
]2: )>=u
_
]*&'
_
]fl !1^$`]
^
'fl$`fi
!
 
n"!
]fl 8]&($
^no!
L*fl]p'
!
]
9
!
$`]B +-u/'
_e^
$+ )(&F9
_
p+9(/dvp'
!
+-(d*:<)>=  

(fl$`]fl +  "xJL`&+  .+  
^
*?`>+ ],8/]"pwr

!
] 4$
!
+ *fl$+-(dR$`]
9
_
p+9(/d
^
$ ],8/]
!

 = + $]
! ^
$+ )(;$R
^
d
!
&% +-(d
n^0!
$
^
$?$+`/] ^ V]&("px

4
LM
JU`]
n"!
d
!a^
u7:X Ywr

Jz+ $R84]$
^_
x¤\
f
D
_z+  
! ^
$+`/]
!
 +9u/+
_e^0!
$RR$+`/]
no!
]8>+ ' 
^Ln>no!

^
*?`Lx  $
u
^
]fl 6' 8]U&3$`]  
^
u ] d ]&(/]$+ * 
n
]
! ^
$+ )( "x JU`]Bu
^
T-
!
p+ e ]
!
]&("*fl]+  %$`]	B$(/]fl # % '>("*fl$+ )(Lx
JU`]
no!
)r
^
r&+
_
+ $

& ]
_
+9u/+9(
^
$+9(d
 4$
!
'"*$'
!
]al 
!
u $`]
n

n
'
_e^
$+ (+  %*
^_
*&'
_ ^
$%]p
^
**fi
!
p+-(dB$ 
$+`]0
_ _
&%1+9(d4]!G'
^
$+ )(G
	
x







c∑
x
N





m 
f
x?/
ffi
% `/]
!
]
qwx
+  1+ $5 `
!
]fl]L]&(/]
!
d

x
fl
^0! ^
u ]$%]
!
 


^
("p
q
`
^
8/]1$`]z0
_ _
&%1+9(d\u ]
^
(&+-(dG


+  :$`]
]('
n
]*fl$]p.(>'mu/r]
!
&  4$
!
'"*$'
!
]fl ]
_
+-u;+-(
^
$]p/+9()(/] d ]>(]
! ^
$+ )(1
q
+  A$+`/]C]eR]"*$+ 8/] ]&(]
!
d ]fl$+ *
!
] E
_
'$+ )(1$`
^
$?+  !1>$`]zp+ eR]
!
]&("*fl];+9(U]&(/]
!
d

$`
^
$Fu
^
]fl 3$+`];B$(]fl # & $ %H  4$
!
'"*$'
!
]fl Fp+ eR]
!

+ 9
_
px

 Jff RVR
=F(fi>$+`]
! ^Ln>n"!

^
* `
^_ _
&% +-(d 9
!
rfi&$`
^
p>p+ $+ )(
^
("pvp+  
!
'
n
$+ ( >} 4$%]&u2 	%
^
 
no!

n
m 8]p r

  
^
u/r]
!
$
^
("p + d d+
^
\
f
/fl_ xF $f+  Fr
^
 8]"p(
^
0+9(/]$+ *HS (fl$] 
^,! _

^ _
d
!
+ $`>u 1% `/]
!
] ]
^
* `% 4$%]
n
+9(8&
_
8/] u
^
o+-(d 
!
r
!
]
^
0+9(/d
^
 4$%]&u.x JU`]6$
!a^
( + $+ )(
! ^
$%]fl F0
!
$`]fl 8] ],8/]>(fl$5 
^0!
] *!)u
n
'fl$%]p
r
^
 8]p )( ]&(fl$
!

n
+ *
^
("p.
!
]fl] ]>(]
!
d

$%]
!
u2 "x<JU`&+  2+  1p)(]0
!
]
^
*?`B(],%  4$
!
'"*fl$'
!
]
^_
)(d
$`]
9
_
p+9(/d
n/^
$+`gx<JL`]
^
*$'
^_
$
! ^
( + $+ )(B+  } 8]
_
]*$%]p
^
$
! ^
("pu% + $+`
^n"!
r
^
r&+
_
+ $

no!

n

!
$+ )(
^_
$R+ $5 
! ^
$%]mx2 $]
! ^
$+ )( &A$`&+  
n"!
m*]p'
!
]\+  
n
]
!
0
!
u ]pR'm(fl$+
_
$`]7 

 4$]&u
^Ln>n
]
^0!
 < 4$
^
$+ (
^0!

x
JU`&+  
^Ln>no!

^
*?`
^
 $% ]
_ _^
 ?$+`]
^Ln>no!

^
*?`Br

:'
_
$

^
],8 &7.'7>?+  }*
^mn^
r
_
]T&
no!
]"p+ *$+9(/d*fl]
!
$
^
+-(
o+-("p& &
n
 8]&'"p0(&&$4 !1 ]mx dxA$+`fim 8]V&~$`] + $

n
]mx
    [
	fl	 ¢ Q fiff{	ffiQ

 J;RVR
=F(
^Ln>n"!

^
* `Kd+-(d +9(fl$ u
!
] 4$
!
'"*$'
! ^_
p ]$
^
+
_
+  bDY  @!"$#r

X
_ ^
u/u ]fl$
^ _
xl\#65fl_-1
^
 + $
*!)( + p ]
!
 
n
]&(&+-(d
^
(op8*
_
m +9(dW&<r
^
 8]
n^
+
!
 
^
 $`]>]
_
]&u ]&($
^0!

$
! ^
( + $+ ( "x JU`>+  Bu ]
^
(" 
$+`
^
$
^ _ _
 fl'>rfi
n
$+9u
^_
 4$
!
'"*$'
!
]fl 2*
^
(r]
!
]
^
*?`]p
^
("p 1R`]&("*fl]1^$+`]/*!)u
n?_
]$%]  4$
!
'o*$'
!
]/ 
n/^
*fl]
+  6*fi)( + p ]
!
]pxbDY  @!"$# +-u/'
_e^
$]fl 
^
 4$ m*?`
^
 4$+ *
no!
m*fl]fl # 
r
^
 8]p (
^
 E*
^_ _
]p D@u	Q8/]/ 8]$WF
% `>+ *?` p ],BW(]fl $`] ]
_
]&u ]>(fl$
^,!

$
! ^
( + $+ ( 
^
 8]*!)(op
^0!

 4$
!
'"*$'
!
]s*
^
(
n
]
!
0
!
u %c`]>(+9(
 E
_
'$+ )(LxJL`&+  ¬D uQ8]1 8]$MF}*fi)(fl$
^
+9( ;
n
]&(>+9(d
^
("p;*
_
> +-(dL&
^
(/+9("p+ 8>+ p)'
^_
r
^
 8]
n/^
+
!
1
^
 % ]
_ _
^
 $`] Ev*
^_ _
]pqD  `&+ H$BuQ8]F	%c`&+ *?`
^ _ _
&%: 7$`]*?`
^
(/d+9(dM>;)(/]
n/^0!
$(]
!
+-(
^
r
^
 8]
n/^
+
!
x
JU`]bDflYfl 0@ "$#
^mnmn"!

^
*?`uLp ]
_
 U:<)>=0
_
p+9(d
^
 
^
S
^0!
 Q8
no!
m*fl]fl # S%c`]
!
]0]
^
*?`/$
! ^
( + $+ )(
=
!
)u  4$
!
'"*$'
!
] Y
x
$ [Y
Effi
m**>'
!
 2p ]
n
]>("p ]&(fl$ (
^
$
!a^
( + $+ )(
! ^
$%]]
x 
x<JU`>+  
! ^
$%].+  zp ]BW(]p
^
 ]
x 


   	
%

1 %c`]
!
]
	
xE 

q 

d
q 
	
\#@.*_@x
C?DEFDHC ]fJgOflhVUJghAOMe]}Q~TU^M PR_NT|dcXLklX
y($`&+  ; 8]*$+ (  %
^
(fl$$RId+ 8]\p ]fl$
^
+
_
]p +9(fl0
!
u
^
$+ )(7("] 'L+  4$+9(d
^Ln>no!

^
*?`]fl .9
!
 4$'"p

+-(d
$+`]< 4$
!
'"*$'
!
]6 
n/^
*fl] &: )>=1x=}u)(/d$+`] 8]
^0!
]1$ 
_
 `$R/p ]p'"*]6*!(fl9
!
u
^
$+ (
^_
 R%1+ $#*?`&+-(d 1
 4$
!
'"*$'
! ^_
% ]
_ _
+ p ],BW(]p)(]fl # 
^
("pC&$`]
!`n"!

n
]
!
$+ ]fl "x
U	LMN/	LV «ffsQff fffffljOP
4
L@QNflffi­I O N
ffi
	O fffl	 
C
^
 8]pD)(6$+`/]
^_
d
!
+ $`>u 9
!
*!u
n?_
]$%]2 fl'>r&
n
$+9u
^ _
9
_
p+-(dD"'"*?`fl$

]$
^ _
x\ ~{_cp ] q*
!
+9r]$`
!
]fl]
+9("p+ *
^
$R
!
 \$Rw*
^mn
$'
!
]v$+`/]Rp ],BW(&+ $+ )(M&6$+`];wnp&!+@ 4$
!
'"*fl$'
!
]
G 
^
ffi
u ]
^
(Kd
^mn
]&(]
!
d

1F$`
^
$
+  !1:$`]
^
8]
! ^
d]']&(]
!
d

p+ eR]
!
]&("*]W>6 4$
!
'"*$'
!
]fl R+-(R$`] 8>+ *,+9(&+ $

>2$`]'d
_
)r
^_
u;+-(&+9u'>u
#r
ffi­C

_
$"&u
^
(>( % ],+ d`$]p u ]
^
(sr
^
 8]
n/^
+
!
p+  4$
^
(o*fl]
^
("pff *
ffi
$ 
n

_
d+ *
^ _
p+ 8/]
!
 + $

1 $`
^
$
+  !1b$+`/]v(>'mu/r]
!
&<p+ eR]
!
]&(fl$
*!
^0!
 8] +Fd
!a^
+-(]p  4$
!
'"*$'
!
]fl 
^0!
)'m("pt$+`/]4d
!
'>("p  4$
^
$]mxWJL`]fl 8]
% ]
!
]'" 8]p$ 
^
 # 8] # z$+`/]B+9(V\W']&("*fl] >%r
^
 8]uLp+ B*
^
$+ (D(/ 4$
!
'o*$'
!a^_
% ]
_ _
+ p],BW(]p(/]fl # 
+9(
$:<)>= 8]!G']&(o*fl]fl "x<JU`]
!
]0
!
]2(
^
$'
!a^_
$!: ) = 8]fiG']&("*]fl 0%1+ $`1uLp+ B*
^
$+ ( 
ffi
% ]
!
]:*!)u
n/^0!
]p
$R u	mp+ B ]p
^
("p'>(>u	mp+ B ]p
^0!
$+ B*,+
^_
 8]!G'/]&("*fl]fl 4`
^
8>+9(/d$+`/]B*
_
8/]
! _
]
^
1 4$
!
'"*fl$'
!
]
^
 6$`],+
!

n
$+9u'>u.x JU`/],+
!
 4$'"p

 `fi&% ]p1$`
^
$W$`]1r
^
 8]
n/^
+
!
p+  4$
^
("*fl]z+  V$+`/]}r/]fl 4$A+-("p+ *
^
$ 
!
9
!
`fi&% % ]
_ _
$+`]>d
!
'>("p  4$
^
$%]\+  7p ],BW(]"pxqX'
!
$`]
!
u	
!
]1:+ $
^,!
m 8]
$`
^
$/r
^
 8]8uLp+ B*
^
$+ (*!)(" + p ]
! ^
r
_

]&( `
^
("*fl] ?$`]<p ],BW(>+ $+ )(	&$+`]0;onp&!+@ 4$
!
'"*$'
!
]1
^
 f$`]7'>(>u	mp+ B ]p7 8]!G)']&("*fl] } `fi&% ]"pu;+-(fi
!
p ]$%]
!
u;+9(
^
$+ (	>c$`]Ud
!
'>("p 4$
^
$%]1$+`
^
(/ump+ B ]p7 8]fiG']&("*]fl "x=~p>p+ $+ )(
^_ _

1$+`/]
n
> + $+ )(T&
$+`] u	mp+ B*
^
$+ )( %+-(1$+`]1 8]fiG']&("*] %
^
 f `fi&%z(1$R
+-(;\W']&(o*fl]< 4$
!
'"*$'
! ^ _
p ],BW(&+ $+ )(1
^
 d
!
)'m("p
 4$
^
$%]fl &;$`](
^
$'
! ^_
$!: )>=  8]!G)']&("*fl] % ]
!
]r/]$ $%]
!
p ],BW(/]p
^
 $+`&> 8] >;$+`/]ump+ B ]p
^0!
$+ B*,+
^_
 8]fiG']&("*]fl "x
JL`]
^
(
^_

 8]fl 
!
]
_
+ ]p )(1$`]z*!u
n/^0!
+  E)(S>p+ e ]
!
]&(fl$: 8]$4 H>c 8]!G']>("*fl]fl 
^
(op.+ $ %
^
 
^
r
_
]z$R
 `fi&% $`
^
$<$`]fl 8]
 8]$4  `fi&% p+ eR]
!
]&(fl$
r]?`
^
8m+ )'
!
9
!
$`]
*?`fim 8]&(R+-("p+ *
^
$R
!
x=Pb(fl9
!
$'m(
^
$]
_

1
$+`&+  <+-("p+ *
^
$ 
!
*
^
(m(fi&$<r]' 8]p/9
!
$`]*
_ ^
 # + B*
^
$+ )(U&`+9(op+ 8>+ p'
^_
 8]!G)']&("*fl] !1
^
 :$`]2 8]$5 ;&
 8]!G']&(o*fl]fl *fi)'
_
pw(fi>$r]*fi)u
n _
]$%]
_

 8]
n/^0! ^
$]"p8
!
u ]
^
* `C&$`]
!
1
^
$
_
]
^
 4$60
!
$`]*?`fim 8]&(
]('
^
u
n?_
]fl "x
 
	
	 fifffl	ffi  Q!
U	LMN/	LV ffsQff  ff
fffl-/P
4
L@QN
ffifiI O

  	  «[ff{	 K
=F(fi>$+`]
!
u ]$`fiLp.$R\p ]p'"*]/ 4$
!
'"*$'
! ^ _
% ]
_ _
+ p],BW(]p(/]fl # U&A$`];wnp&!+@ 4$
!
'"*fl$'
!
]+  
no!

n
> 8]"p
+9( \.fi5fl_@x ]&(fl$
! ^ _
$  $`&+  +  B$+`/]+9(fl$
!
mp'o*$+ )( &
^
(],% p+  4$
^
("*fl] u ]
^
 fl'
!
]0
!
 8]*!)(op
^0!

 4$
!
'"*$'
!
]fl !1m$]
!
u ]p`D$
!
]fl]
!
]
no!
]fl 8]&(fl$
^
$+ )(<p+  4$
^
("*]F;-J	:
$ffi
x JU`] J:

'" 8]fl 
^2!
]
n"!
]fl 8]&($
^
$+ )(
&S: )>=  8]*fi)("p
^,!

 4$
!
'"*$'
!
]L%c`&+ *?`*!mp]fl $+`](] 4$+-(d&:$`]. 4$
!
'"*fl$'
! ^_
]
_
]&u ]>(fl$5 .r

$`]
(>'>u/r/]
!
& 'fl$d+9(/d
r
! ^
("*?`] `9
!
]
^
*?`c]
_
]&u ]&($,1]mx dxN$`]% 4$
!
'"*fl$'
!
]1 `fi&%z(6+9(8X+ d'
!
]
f
x .#r
ffi
+  
!
]
no!
] 8]&(fl$%]p
^
 «DR.!3 5 5SFD(.  4$]>u d+-(dC'fl$ &A$`]!] 'o$]
!
(
^ __

n
1 3 4$%]&u2 r
! ^
("*?`>+9(d'fl$
&$+`]su/'
_
$+
_
 
n ^
(opw$ %<s$+9u ] C5 0
!
$+`]R$ %<`
^
+
! n
+9(
_

n
 
ffi
x JL`]tp+  4$
^
("*fl] r]$ % ]]&(
$ %<7 4$
!
'o*$'
!
] 2+-(z$+`>+  
!
]
no!
] 8]&(fl$
^
$+ (
+  `$`]< fl'mu &c$`]<p+ eR]
!
]&(o*fl]fl 
^
$ ]
^
*?`
n
> + $+ )(T&c$`]

n
$+9u
^ _^ _
+ d(mu ]&(fl$1+yx ]LxV$+`/]
^_
+ d)(>u ]&($fu/+9(&+-u;+  +-(d1$`&+  ~ fl'mu.x JU`]}*!)u
n?_
]fl$]
^Ln>no!

^
*?` %<
!
 
^
 ?9
_ _
&%: OG`X)+
!
 4$,1
^
 8]$ &N fl'>rfi
n
$+9u
^_
 4$
!
'"*$'
!
]fl +  }*
^ _
*&'
_e^
$%]p' +-(d vxKy{z
| x b]*!("p 1V]
^
*?`
 4$
!
'"*$'
!
]>:$+`&+   8]$;+  7*!u
n/^,!
]"p$R$`] ;wn&+@ 4$
!
'"*$'
!
]mxDJU`]
!
]&r

1~$+`]>]>(]
!
d

p+ eR]
!
]&("*]

q
^
("p$`]J:

+  *
^_
*&'
_ ^
$]"p
^
("p
n?_
&$5$]"p+9(
^
J:

1
q
*!
!
p+-(
^
$]  

 4$%]&u.x y($`]
*
^
 8]	>
^
% ]
_ _
+ p ]BW(]p 4$
!
'"*$'
!
] $`]
n
+-(fl$5 +-(6$`]
n?_
&$6u
^
+9(
_

^Ln>n
]
^0!O^
rfi8/]6$+`/]r>+  8]*$+9(/d
_
+9(/]V%c`&+ *?`+  z$%]
!
u ]poD@'>(&+ +-8
^_ _
]

F
n"!
QB
_
]mx.y(;$`] &$`]
!
*
^
 8]D)(L
!
u
!
]
^
p>p+ $+ )(
^_
8
^_ _
]

 
^mnmn
]
^0!
1)u ]
^
(&+9(/d1$+`
^
$N 4$
!
'o*$'
!
] ]('L+  4$%c`&+ *?`L`
^
8]
^U_
&% J:

^
("p
^
`&+ d` 
q
x =}( )'$4*!u ]
_
+9]B$`&+  
_
]
^
p& 7$ 8$`]*
_e^
 # + B*
^
$+ )(
^
 
^
D@u/'
_
$+ +-8
^_ _
]

F
no!
B
_
]mx
C
^
 8]p ($`&+  Bu ]$`fimp+ $
%
^
 6 `fi&%z(B$`
^
$2$`] `>'>u
^
(B fl( : )>=b 1P3 1 P
f
1 P^ 1 Pur `
^
8/]
^
D@'>(&+ +-8
^_ _
]

F
^
("p P. `
^
 
^
D@u/'
_
$+ +-8
^_ _
]

F
n"!
QB
_
]1 %c`&+ *?`+  6+9(;*!
!=!
]fl 
n
)(op ]&("*fl]B$R>]('
n
]
!
+9u ]&(fl$
^ _
p
^
$
^
x
M
L@ff
  RN/	 [ R« ;RVQLW fl	 U   	-N
ffi  J    J  U
HQgEhi
JU`]  4$
^
$+  4$+ *
^_
 
^
u
n?_
+9(d
no!
m*fl]"p'
!
]\+9u
n _
]&u ]&(fl$%]p+9(%flxy{z
|*!u
n
'$]fl 
^
 fl'>r 8]$ &
^_ _
 fl'>r,+

n
$+9u
^ _
 4$
!
'"*$'
!
]fl 
^
**!
!
p+-(d;$  $`]c]!G'>+
_
+-r
!
+-'>u p+  4$
!
+-r>'fl$+ (Lx XQ
!Q^
*!(fl9
!
u
^
$+ (
^_
 R%1+ $#*?`
$+`&+  /u ]
^
( <$`
^
$< 4$
!
'"*fl$'
!
]fl 
!
u $ %<78
^_ _
]

  *fi
!=!
]fl 
n
("p+-(dR$ \$+`/]
^_
$]
!
(
^
$+ 8/]
n
> + $+ ( 
&F$`]\ R%1+ $#*?`
ffi
 `&)'
_
p r/] 
^
u
n?_
]px

+-(d
^
("p 	
^
%
!
]&("*fl] \ /fl_<' 8]pv$+`] 
n _
+ *]p 	 ]
^
p ]
!
&

&	K.+5
;=5
${'*,
J
5
> > 5S,5
;E' \ #63fl_%$  ]('$]&u
n?_
+ 

$`] ' 8] & %{xyflzfl| 9
!
$+`>+  
n
'
! n
m 8]mx y($`],+
!
n"!
]fl 8]&($
^
$+ )(\$`]

p ]fl q*
!
+-r]$+`
^
$6$+`]

u
^
(>'
^_ _

^
 # + d(]"p .fi5 58 
^
u
n _
]p 4$
!
'"*$'
!
]fl 7$ $ %<
]!G'&+ 8
^_
]&("*] *
_ ^
 # 8]fl 
^
("pw$+`
^
$.$`]fl 8]t*
_ ^
 # 8]fl 
^,!
]w+9(v$]
!
u6 &6 4$
!
'"*$'
!
]
! ^
$`]
!
p+  # +9u/+
_ ^,!
x
JU`]
!
]
n"!
]fl 8]>(fl$
^
$+ 8/]1%+ x ]mx ]&(]
!
d ]$+ *wr]fl 4$13 4$
!
'o*$'
!
] L>}$`]fl 8]*
_e^
 # 8] .*!'
_
p r]\ `fi&%z($ 
*!
! !
]fl 
n
)("p
$ /$+`] ]('
n
]
!
+-u ]&($
^_ _

p ]p'"*]p )(] "x%|(/u

n
+-(fl$ & 8>+ ]%$+`&+  F +-u
n?_
]L]('
^
u
n?_
]
+  .(fi&$ fl';*,+ ]&($6$ 8 `fi&% $+`]
^Ln>n _
+ *
^
r>+
_
+ $

> %flxy{z
|v$ 
!
],8/]
^_
*fi)(fl0
!
u
^
$+ (
^_
 R%1+ $#*?`&+-(dx
X)+
!
 4$>
^ _ _
1g$`] (]
^,!
+ 
n
$+9u
^_
 4$
!
'"*$'
!
]< 
n^
*]  ]mx dx?'
n
$ 
f
*
^_
gu
_^
rfiQ8]1$+`/]0;wnp&
ffi
d ]&(,+
]
! ^
$%]pL%1+ $+`H698;:<>=;?A@>B;C `fi
_
p& (
_

^
 flu
^_ _
(>'mu/r]
!
>3 4$
!
'"*$'
!
]fl  
ffi
^
("p+  %$+`]
!
]fl9
!
]
u/'"*?`!]
^
 + ]
!
$ K`
^
("p
_
]1 %c`&+
_
]p ]
_
+ 8/]
!
+9(/d$+`]; 
^
u ]
!
]fl fl'
_
$4 "x  ]"*!)("p 1
^
u
^
(>'
^_W^
 # + d(>u ]>(fl$
$RK]fiG'&+ 8
^ _
]&("*fl]*
_e^
 # 8]fl B+  >`
^0!
p8$ $
!
' 4$1 ]fl 
n
]*,+
^_ _

% `/]&(v,(fi&%1+9(dR$+`/]8(>'>ur]
!
&1*
_ ^
 # 8]fl 

' `fi'
_
p=d]$flxTJL`]
_ ^
 4$
n
)+9(fl$. %
^
(fl$z$ tu ]&($+ )(\+  <$`
^
$z$`&+  
^Ln>n"!

^
* `+  (
_

*
^Ln/^
r
_
]
&
no!
]"p+ *$+9(/d$`]
^_
$%]
!
(
^
$+-(d*fi)(fl0
!
u
^
$+ ( 
^
("p(fi>$?$+`/]
n"!

n
]
!
$

&3 8]
!
8m+9(d
^
 
^
*!(fl9
!
+
u
^
$+ )(
^_
 R%1+ $#*?`1
^
 %$+`>+  %<'
_
p
^
$
_
]
^
 4$
!
]!G)'&+
!
]/$R* `]*&9
! ^
(!]&(]
!
d

r
^0!=!
+ ]
!
 8]
n/^0! ^
$+-(d
$+`]$ %HB*!)(fl0
!
u
^
$+ )( "x
  [
	fl	 ¢ Q fiff{	ffiQ
ILML  ffQL@
JU`]1$ 
_
? XXbD  X<w\F.fi3fl_
^
(
^_

 8] `$+`]z*fi)u
n _
]$%] 
!Vn^0!
$>W$+`/]%9
_
p+9(/d; 
n/^
*fl] >
^
( : )>=w$R
BW("p
_
L*
^_
u;+-(&+9u
^c^
(op  
^
pmp
_
]
n
)+9(fl$4 ?*!(>(]*$+9(/d7$`]fl 8]mx =A }+9(
n
'fl$F+ $3$
^
] A$`] ]&(]
!
d

 E
!
$%]p
_
+  4$H&  fl'>rfi
n
$+-u
^_
 4$
!
'o*$'
!
] d ]&(]
! ^
$%]pBr

6;8;:A<=9?@>B9C x

'
!
+9(d$`]1*
^_
*>'
_ ^
$+ )(2$ %<
_
+  4$5 &
8
^_ _
]

 
^0!
]7(]fl]"p ]p 1
^
(
^
*$+ 8]
^
("p
^
( +9(
^
*$+ 8]S)(/]mx JL`]Ud
_
)r
^_
u;+-(&+9u'>u 
N
r]
_
(d& F$R $`]
B
!
 4$
^
*$+ 8/];8
^_ _
]

N
1%c`&+
_
]1$`]
_
+  4$H>3+9(
^
*$+ 8]8
^_ _
]

 %+  ]&u
n
$

+9(&+ $+
^ _ _

x)+9(d7$+`
!
'd`<$`]
]&(]
!
d

+@ E
!
$%]p
_
+  4$;>3 8]*!("p
^0!

 4$
!
'"*$'
!
]fl +9(
+-("*
!
]
^
 +9(d7
!
p]
!
$+`]
!
]
^,!
]$`
!
]fl]
n
m # +9r&+
_
+ $+ ]fl 
9
!
]
^
* `; 4$
!
'"*fl$'
!
]  
^
$? 4$%]
n
]G

  0`
^
 (] 
!
u
!
]
(],+ d`>rfi'
!
 +-(0]('
^
*$
_

)(]V>A$`]
^
*$+ 8/]U8
^_ _
]

 
Rx
x<|(7$`&+  <*
^
 8]
  7r]
_
)(d> z$R
Rx
x

  =`
^
 (fi(]&+ d`>r&)'
!
 R+-(K],+ $`]
!
$`]
^
*$+ 8/]
!
$+`]t+-(
^
*$+ 8/] 8
^ _ _
]

 $`
^
$@`
^
8/]r/]fl]&(
0)'>(opB E.
^0!
xHJU`/]&(  7+  
^;_
m*
^_
u/+9(&+-u/'>u
^
("pBp ]$%]
!
u;+-(]fl 
^
(/],%
^
*$+ 8]	8
^_ _
]
	
x

   `
^
 F(],+ d`>rfi'
!
 1+9(6u
!
]:$`
^
(;(]
^
*$+ 8]$8
^_ _
]

1]mx dx

Rx
N
Rx
P
(ff(ff(

Rx
x?y(F$+`
^
$3*
^
 8]
  ;+  
^
 
^
p>p
_
]
n
+-(fl$2*!(>(]*$+9(/d$+`] 8]
_
L*
^_
u;+9(>+9u
^
x  /+  
^
p>p ]p$ B$`]U8
^_ _
]

%1+ $+`
$`]
_
&% ]fl 4$U]&(]
!
d


Rx
N
ffi
x =
_ _
 4$
!
'"*$'
!
]fl 6
!
)uj$`]V8
^_ _
]

 
Rx
P
(ff( (

Rx
^0!
]7$`]&(*fi
n
+ ]p
$ 
Rx
N
%c`&+
_
] $`]  4$
^
$' &~$`]	8
^_ _
]

 
Rx
P	
(ff( (

Rx
+  1*?`
^
(d]pB
!
u
^
*fl$+ 8/]$R+-(
^
*$+ 8/]mx
=b 
^!
]fl fl'
_
$,1
^
(],%  4$
!
'"*$'
!
]=`
^
8>+-(d (]&+ d`>r&)'
!
 (
_

+-( =$`]+9(
^
*$+ 8]
ffi
8
^_ _
]
 Rx
P
+  
^
 # + d(]p$R=$`]
^
*$+ 8/]
ffi
8
^ _ _
]
Rx
N
x
JL`&+  
^_
d
!
+ $+`>u *
^
(;r]+9u
^
d+9(]"p
^
 \  mp+-(d $`]z 4$
!
'"*$'
!
]
_ ^
("p> q*
^Ln
]mxHJU`&+-(> &
^
 +9u
n?_
]
_ ^
("p& q*
^Ln
] %1+ $`<d
_
)r
^ _
u;+-(&+9u'>u
^
("p7)(]
_
L*
^_
u/+9(&+-u/'>u6x JL`]
^_
d
!
+ $+`>u  4$
^0!
$5 
^
("p
 8]fl]fl F 4$
!
'"*$'
!
]fl $%1+ $+`(],+ d\`>rfi)'
!
 (
_

+9(ff 16%c`&+ * `
^0!
]
^
pmp ]p/$R
flfi
x =A : E(
^
 `$`]L]>(]
!
d

&2$`]
_
m*
^ _
u;+-(&+9u'>u  +  
!
]
^
* `]p
^
(/],%
^
*$+ 8/] 8
^_ _
]
ffi 
+  
n
]&(]"px JU`/]89
_ _
fi%1+-(d
 4$
!
'"*$'
!
]fl 
^0!
]
^
 # + d)(]p$R"],+ $`]
!
flfi

!
 
1N'>($+
_^
 4$
!
'o*$'
!
]\+  < 8]fl]&(/$+`
^
$ `
^
 ;(],+ d`>rfi'
!
 
+9(rfi>$+`gx JL`&+  +  1$+`]; 
^
pmp
_
]
n
+-(fl$1*fi)(>(]"*$+-(d!
^
("p"
^
(op+ $6+  
^
p>p ]p$R
flfi
1
^
 1$`&+  )(]
^
* `&+ ],8]fl 
_
&% ]
!
]>(]
!
d

x	JL`];$ %H8
^_ _
]

 
^0!
]u ]
!
d ]pv+9(fl$ \$+`]
^
*$+ 8/]V8
^_ _
]
#flfi
1
^
(op8
^_ _
]

 
d ]$4 +9(
^
*$+ 8/]Lx
JL`]
no!
d
! ^
u ?$XX D ?XA<p]fl B(fi>$	)(
_

*!u
n
'$]
_
m*
^_
u/+9(&+-u
^1^
("pR 
^
pmp
_
]
n
+-(fl$5 !1`rm'fl$
^ _
 E d ]>(]
! ^
$]fl \$`]8 Ew*
^_ _
]p D@r
^0!=!
+ ]
!
$
!
]fl]F
^
 
^
8>+  fl'
^_
+  
^
$+ (W>2$`]
_ ^
("p> q*
^Ln
]mxjy($`]
r
^0!=!
+ ]
!
$
!
]fl]$`]
_
m*
^_
u;+-(&+9u
^4^0!
]
_
]
^
8/] 
^
("pR 
^
p>p
_
]
n
+-(fl$4 
^0!
] (fimp ] *!(>(]*$+9(/d ],+ $`]
!
$ %<
_
m*
^_
u/+9(&+-u
^
1
^<_
m*
^ _
u/+9(&+-u/'>u
^
("p
^
 
^
p>p
_
]
n
)+9(fl$1 
!
$ %H/ 
^
p>p
_
]
n
+-(fl$5 "xHJL`]
_
]&(d,$`
&3$`] ]p d]fl <*!
!=!
] 
n
)("p> <$ .$+`] ]>(]
!
d

p+ eR]
!
]&("*]r]fl$ % ]fl]&(/$+`] *!(>(]*fl$]p"]
_
]&u ]&($5 "x
=
n>n?_

+9(d?$XXbD ?XA<B$R
^
*!(fl9
!
u
^
$+ )(
^ _
 R%1+ $4*?`  
n?_
+ *fl]p 	 ]
^
p ]
!
&


J
5
> >5/,5
;E'
ffi
1
!
] +
8/]
^_
 
^
r
^0!=!
+ ]
!
$
!
]fl]2 `fi&%1+9(d/$ %<u
^
T-
!
8
^_ _
]

 ?*!(>(]*fl$]pr

^
 
^
p>p
_
]
n
+-(fl$%1+ $` 8/]
!

`&+ d`
]&(]
!
d

  8]fl]%X+ d'
!
]
f
x^
ffi
1?u ]
^
(&+9(dR$+`
^
$$`]vu/+9(&+-u
^
&%$+`] 8]8
^_ _
]

 
^0!
] 8]
n/^,!a^
$%]p r

^
8/]
!

_ ^0!
d ]0]&(]
!
d

r
^0!=!
+ ]
!
1  fl'"*?`
^
 6+ $<+  c]('
n
]*fl$]pB9
!O^
*!)(9
!
u
^
$+ )(
^_
 R% + $4* `Lx
JL`]
^
*$'
^ _
+9u
n _
]&u ]&(fl$
^
$+ (
!
]fiG'&+
!
]fl F$R  4$ 
!
]
^ _ _>n"!
],8m+ )'" 
_

!
]
^
p7*!(fl9
!
u
^
$+ ( 1+9( u ]>u +

!

%c`&+ * ` *
^
'" 8]fl F$`].' 8]T&U?XX D ?X</$Rr]
_
+-u;+ $]p/$ 2
n/^0!
$+
^_
ffi
_ ^
("p& q*
^mn
]fl &:uLp ]
! ^
$]
 + "fl]1O]mx dx  a u/+
_ _
+ ( 4$
!
'"*fl$'
!
]fl "x7JU`>+  
+  ]&(&)'d`\$ 
^
(
^ _

 8]
$`]B 4$
!
'"*$'
!
] 
n/^
*fl]L%1+ $+`
(]fld
^
$+ 8/]!]>(]
!
d

>3$+`/] 
n?_
+ *fl]"p 	 ]
^
p ]
!
1Vr>'$2+  +-( fl';*,+ ]>(fl$19
! _
)(d]
!
 8]!G']&(o*fl]fl "x
 





	


	
 












fi
fffl
	
ffi




 
12
3
4567
8
910
11
1213
14
15
16
17181920
21
22324
25262728
29
30
31
32
33
34
3536
37
38
39
4041
42
4344
45
464748
49
50
51
52
53
54
55
56
57859
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74756
77
78
79
80
81
82
83
84
85
86
87
88
8990
91
92
93
94
95
96
97
98
99
100
101102
103
45106
107
108
109
1111
1 2113
114
1 5
116
117
118
119
1201122
123
124
125
126
127
128
129
130
131
132
133134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
60
161
162
163164
165
166
167
168169
170
171
172
173
174
175
176
177
178
179801812
183
184
185
186
18
188
189
190
191
192
193
194195
196
197
198
199
200
201
202
203
204
205
206
207
208
2092 0
211212
2 3
214
215
216
217
2189
220
221
222
2 3
224
225
2 6
7
2 8
29
230
231
232
233
234
235
236
237
238
239
240241
242
24
244
245
246
72489250
2512
3254
255
256
257
258
259
260
261
262
63
64
265
2626789
270
271
27
273
274
2756
277
278
279
280
81
282283
284
285
2 6
287
288
289
290
291
292
2934
295
2967
298
2993001302
303
304305
306
7
30830910
311
3123
3 4
315
316
7831920
321
3 223
324
325
263 7
328329330
331
3233343 5
336
739
340
341342
343
4345
346
78349503 152353
354
56
357
35835960361236343656736893701372337453763773789
3801
382
383
384
3856738899
3912
3 3
394539673989400401402340454067408
409
4101
12
413441541678419204 1224 3244 526
427842930431
4323434564378439404 1
442
434 4454 64478449504 1524 354
55
-
10
.0
-
8.
0
-
6.
0
-
4.
0
-
2.
0
0.
0
1.890.89 1.6.00.96
1.31.69
0.591.690.59
0.96
1.0
1.0
1.3 .69
1.0
0.69
0.690.59
1.2
1.090.690.59
2.6
1.091.01.0
0.590.59
0.890.71.00.80.6
1.10.6
0.7
1.7
1.5
1.41.31.70.8
1.31.69
0.59
0.67
0.7 1.30.7.0.8
0.9
1.09
1.0
0.63
1.690.7.
0.90.59
0.59
1.39
0.7
0.7
1.39
1.391.0
1.0 1.89
.0.79
1.8
1.4
0.70.590.66. 9
0.89
1.70.79.0.6
1.00.59
0.59
1.04
1.58
2.00.6
1.80.7.
1.9
1.09
1.00.59
0.7
0.66
1.191.6
1.4
1.71.3
0.70.6
1.7
1.59
1.31.00.89
0.59
0.891.1
0.9
1.09
0.9
0.59
1.41.00.69
1.4
1.761.46
0.6
1.00.6
1.00.79.0.7
1.4
0.66
1.39
1.09
1.00.89
0.79.
0.69
0.591.16
1.19 2.6
1.6
1.1
0.86
0.69
0.691.160.61.0
0.9 1.4
0.79.
0.7
0.6 1.4.
1.191.6
1.19
0.90.80.7.0.6
0.6
1.081.61.40.80.7
0.59
3.4
0.59.
1.
1.0
0.85 1.7
0.85
0.59
1.2
0.66
1.7
1.61.4
1.4
1.31.1.0
0.69
0.67 3.6
1.41
1.21.59
1.
1.
0.90.67 1.4
1.2
1.2
1.1
1.0
1.0
0.9
0.9 1.6
0.7
0.6 2.3
0.92
0.6.
0.99.
0.9
0.8
0.71.090.7 1.2
0.59
1.47
.21.191.0
0.85 1.7
0.85
0.8
0.7
1.7
1.71.61.00.9
0.9
0.850.79
0.55 1.2
2.2
1.61.511.5.1.31.3.1.221.2.1.21.111.1.1.11.0.1.0.1.00.910.9.0.9.0.9.0.9.0.90.8.0.8.0.80.7.0.7.0.7.0.6.0.6.0.6.0.6.0.6.0.56
H
 


LV
ff


 
P
C
^0
!=
!
+
]
!
$
!
]fl
]
&
:
$
`
]

 4
$
!
'"
*
$
'
!
]B
 
n/
^
*fl
]
>
:
$+
`
]

n?
_
+
*fl
]
p
	
]
^
p
]
!
&



J
5

>
>
5S
,
5

;E
'>
x
JU
`
]
_
]
^
8/
]fl
 ;
(m
'>
u/
r
]
!
.
^
("
p
f
*fi

!=
!
]fl
 
n

("
p\
$R

$+
`/
]
^
_
$%
]
!
(
^
$
+-
(
d\
*fi
)
(fl
0

!
u
^
$
+

(
 S
>
A
$
`&
+
 z
 R
%1
+
$#
*?
`L
x
JU
`
]

^,
!
]
 8
]
n/
^0
!
^
$
]
pR
r

^
(
]&
(
]
!
d

r
^0
!=
!
+
]
!
>
Z
fffi

(
d
]
 
;
+,


)
+=
x
   [
	fl	 ¢ Q fiff{	ffiQ
       
	
 ff fiflffi
	 !#"  $  %&
' (	*)
%+ffi	-,ffi,	
'.
/
`]
no!10n
]
!
$32
0

^
(46587 $
0
*?`
^
(d ]r]fl$39 ]fl]&($39
0
p+ eR]
!
]&($.*
0
(fl
0L!
u
^
$+
0
(" \+  ,(
0
9z(
^
 
*
0
(fl
0L!
u
^
$+
0
(
^_
 :91+ $#*?`&+9(/dx;7b 7$+`>+  
no!<0)n
]
!
$32+  >`>+ p>p ]>(+9($`] 4$
!
'"*$'
!
] 
n/^
*fl]>=?+ $;*
^
(>(
0
$
r]8p ]$%]*$%]pr
^
 8]"p
0
(8$`]@?onBADC@ 4$
!
'"*$'
!
]
0
(
_
2x
/
`]
!
]
0L!
]=2+ $+  8(/]*fl]fl # 
^0!
2R$
0
$
^
]
^_
 
0
 fl'>r
0)n
$+-u
^_
 4$
!
'o*$'
!
] B+9(fl$
0 ^
**
0
'>(fl$xE7}(
^mnmn"!<0^
*?`$
0
$`]1]
_
'"*,+ p
^
$+
0
(
0
F*
0
(fl
0L!
u
^
$+
0
(
^_
 :9%+ $4* `]fl .r
^
 8]p
0
(
 4$
0
*?`
^
 4$+ *
 
^
u
n?_
+9(d
0
: fl'>r
0)n
$+9u
^ _
 4$
!
'"*$'
!
]fl 9
^
 
!
]*fl]>(fl$
_
2
n"!
]fl 8]>(fl$]"p
rF2HGF+9(d
^
(op	
^
9
!
]&("*fl]o\JIfl_
^
("p+  1p]fl q*
!
+9r]"pR+-( b]*$+
0
(
f
xLK xNMmxPO
0L!
$`]
!
]*fl]>(fl$
_
2p+  q*
0RQ
]
!
]"p
!
+-r
0
 :91+ $4*?`/]fl TS@p ]fl q*
!
+9r/]p r]
_ 0
9-UVS]&(/d ]
!
$
^
("p#G
^
("p ]&
^0!
\WK
f
_
n"!
]fl 8]&($
^ n"!<0
d
!a^
u (
^
u ]p
6 D ?A@9<TVD CYX    DflY #  XZ=9 `>+ *?`+  F+9(fl$%]&("p]p$
0
 8]
^0!
*?`%
0m!c!
+-r
0
 :91+ $4*?`/]fl %+9(
^
d+
Q
]>(% 8]\[']&("*]mx1 $
u
^
]fl `' 8]
0
 *
0
ur&+9(/]p 8] [']&(o*fl]
^
("p2 4$
!
'"*$'
!
]u
0
$+   N
0L!
$`]ffi^W_]`badcfeLghe _]C
_
+9]
!
+9r
0
 :9%+ $4* `]fl ]=
r>'fl$}p
0
]fl (
0
$%*?`]*&6
0L!O^ _
$]
!
(
^
$+9(/d*
0
(
0L!
u
^
$+
0
( "xi7}(
^ _
d
0L!
+ $`>u 
0L!
$`] p ]fl + d(
0
?u/'
_
$+ C
 4$
^
r
_
]j465k7s 8] ['/]&("*fl]fl 7rl26*
0
u/r&+-(
^
$
0L!
+
^_0n
$+-u;+  
^
$+
0
(m9
^
 Fp]fl q*
!
+9r]"p+9('O
_e^
uu ]$
^_
x\WKK_@x
S
0L!
]
!
]*fl]>(fl$
_
2HV
^0! ^
 ` \hK^fl_
no!
]fl 8]&(fl$%]p
^
(
^Ln>no!<0^
*?`9c`&+ *?`6
0
*&' 8]fl 
0
(6 :2" 4$%]&u2 f$`
^
$}+-(&+ $+
^_ _
2
!
] + p ]/+9(
^
 4$
^
r
_
]z 4$
^
$]Lx
/
`/]
^_
d
0L!
+ $`>u ' 8]fl 
^0_ 0
*
^_gno!<0
*fl]"p'
!
]$
0n"!
]p+ *$n9c`&+ * `u'fl$
^
$+
0
(=
d+
Q
]>(
^
 4$
^
r
_
]T91+
_
p,$32
n
] 4$
!
'"*$'
!
]
^
 v+-(
n
'fl$D=2*
^
(r] +-(fl$
!<0
p'"*fl]p+9(
0L!
p ]
!
$
0
*
!
]
^
$]$`]
0)n
$+9u
^ _
r&+ C@ 4$
^
r
_
]'465871x|(1$+`]%
0_ _ 0
91+9(d 8]*$+
0
( 6o91+
_ _
p ] q*
!
+9r]6$`] B 6;89:<;<
^Ln>no!10E^
*?`2
0L!
$+`]
n"!
]p+ *$+
0
(
0

^_
$%]
!
(
^
$+-(dp46587w 8]"*
0
("p
^0!
2 4$
!
'"*$'
!
]fl ]=
0
q9c`&+ *?`6$`] + p]
^
9
^
 :p ]
Q
]
_ 0)n
]"p
rF2 S
^0!
*p4Q]?`mu2 flu ]&+ ]
!
\1MV~
_@xr7ts
!
 4$
Q
]
!
 +
0
(
0
 B 6;8;:A<;<9
^
 /+9u
n _
]&u ]&(fl$%]pRrl2pGF+
!
 
^^
 8]
^
(op
no!
]fl 8]&(fl$%]p
+-( \NMM(_@x?m' 8]p$`&+  
Q
]
!
 +
0
(
^
 
^
 4$
^0!
$+9(d
n\0
+9(fl$D=+9("*
0L! n\0L! ^
$]p\(]u9
^ _
d
0L!
+ $`>u2 
$
0
+-u
no!10>Q
].+ $4 
n
]
!

0L!
u
^
("*fl]
^
(op>]
Q^_
'
^
$%]p
$`]
^Ln>no!10E^
*?`;$
0
 `
0
9 + $5 
^Ln>n?_
+ *
^
r&+
_
+ $32x
vHwyx z|{'}m~o{P{'}EŁ'-}ffi } 

0
(
0L!
u
^
$+
0
(
^_
46587  :91+ $#*?`]fl `
^\Q
]zr]fl]>(
no!<0RQ
]&(
0L!b^0!
]? fl' 
n
]*$%]p6$
0
r]z+-(
Qfl0_ Q
]p/+9(} 8]
Q
]
! ^_
+9u
nfl0m!
$
^
(fl$
no!<0
*fl] # 8]fl \
!
]d'
_ ^
$+
0
(
0
 d ]>(]4]y
n"!
]fl # +
0
(t+9(
n"!<0

^0!
2
0
$] rF2
^
$5$%]&(>'
^
$+
0
(@WKr>=
$
! ^
( 
_ ^
$+
0
(
^_)!
]fld'
_e^
$+
0
(
0
 
J]
gLe
!
+9r
0
 
0
u
^_no!<0
$%],+9(  M\¡;hKY~>=
!
]fld)'
_ ^
$+
0
(
0
3 8]
_
<C *
_
]
^\Q^
d ]
^
*fl$+
Q
+ $32
0
-¢£A	K¥¤cfe¦cfe _j§¨A]g¦cf¤(©YeLª`D_;WK9D=$
! ^
( 
_ 0
*
^
$+
0
(
n"!<0
*fl]fl # ;+-(
no!<0
$%],+9(r&+
0
 :2m(fl$`]fl +  jWKI>=
$
! ^
( % 
n?_
+ *,+9(d8+9( $
!
2
n/^
(
0
 
0
u ]fl WK«
^
("p
 
n?_
+ *,+9(/d
0

no!
]yCu'4*587 rF2  
n?_
+ *fl]
0
 
0
u ] W¡¬R@x-4Q]yC
 
M 
 	 

 R
4

 
  
132N4
	



 
O


 

ff fi
*fl]&(fl$
_
2u=
^
(]D9 *
_e^
 # 
0
/*
0
(fl
0L!
u
^
$+
0
(
^_
 :91+ $4*?`/]fl ]=1$`] 
0
*
^_ _
]ptªfeha

_	fl8e c
Jffi
AF_D=6`
^
 r/]fl]&(
p ]fl q*
!
+9r/]p@W¡YM=Y¡«Y=Y¡  x S0]&ur]
!
 
0
A$+`&+  <*
_ ^
 # 
^0!
];* `
^0! ^
*$]
!
+  8]p
^
 u'465k7A ?$`
^
$
nfl0
 # 8]fl # 
^
(
^Ln
$
^
u ]
!
+-(6$`]¡ LC+P
/
4bxd7
n
$
^
u ]
!
 
^0!
]46587:]
_
]&u ]&($5 9c`&+ *?`7p+
!
]*$
_
2r&+-("p
^
u
0\_
]*>'
_
]mx
y(7*
^
 8]
0

!
+9r
0
 :91+ $#*?`]fl 1$`]fl 8]
^Ln
$
^
u ]
!
 2r>+9("p
^
u ]$
^
r
0_
+ $]
0
~$+`].r&+
0
 :2m($+`]fl$+ *
n/^
$+`]9
^
2
+9(
9 `>+ *?`6$+`/]
n"!<0
$],+-(=$`]/u'465k7 ]&("*
0
p ]fl ]= +  1+9(
Qo0_ Q
]px
/
`]/r&+9(op+9(d
0
c$`];u ]$
^
r
0\_
+ $]1$
0
$`]
^mn
$
^
u ]
!
+9(op'"*fl]fl 
^
 4$
!
'o*$'
!a^_^!
]
^0!=! ^
(/d ]&u ]>(fl$9c`&+ *?`
^_
$%]
!
 1$
!a^
( 
_e^
$+
0
(
^_
];B*&+ ]&("*D2x
/
0
d+
Q
]
^
(R+ p ]
^=^
r
0
'fl$;*
0
(
0L!
u
^
$+
0
(
^_
 :91+ $#*?`&+-(d 91+
_ _
]l
n _ ^
+9(\$+`/]Ru ]"*?`
^
(&+  flu
0
F$`]
7$5$%]&(>'
^
$
0m!0
<$`]
n
`] dC
n
`/]
/
C T
n
]
!<0
(
0
' _
Jffi
ADªfe
J!ffi
eL¤
J]
gLe+9(wu
0L!
]p ]fl$
^
+
_

/
`/]
0)n
]
!10
(
*
0
p ] 7
0L!
$39
0
 fl'>r>'m(&+ $4 
0

^
(1]>(!"u2mu ]
0
?$+`/]
n
`]&(D2
_ ^_ ^
(&+-(]yC $]46587 r&+
0
 :2m($+`]fl$+ *
n/^
$`D9
^
2flx
/
`]¨7$5$%]&(>'
^
$
0m!
+  
^
( ]
_
]&u ]>(fl$b+-(?$`]?*
0
p+9(/d
n^0!
$
0
$`]zuE46587
0
$`&+  
0n
]
!<0
(
^
("p2*
0
(fl$
^
+9( 
s
Q
]/*
0
p
0
(" 2
0m!}n
`]&(D2
_ ^_ ^
(&+-(]>=V$`
!
]fl]
0
£9 `>+ *?`
^0!
]*
0
( 8]*>'fl$+
Q
]mx
/
`]/ 8]"*
0
("p
^0!
2
 4$
!
'"*$'
!
]
0
N$+`/]ffi7V$5$]>(>'
^
$
0L!
*
0
u
n"!
+  8]fl 
^
 4$
^
r
_
]<`
^
+
! n
+9(
^
$z+ $5 # LCF]&("p = 9c`&+ * `
_
]
^
p& %$
0
$%]
!
u;+-(
^
$+
0
(
0

$
! ^
( 
_ ^
$+
0
(Lx f$`]
^
u
0
'>(fl$
0
:$]46587 C
n
`]\+  <`&+ d\`
$+`]
!
+9r
0
 
0
u ]
!
]
^
p> 6
^
 4$
0>Q
]
!
$+`]$`
!
]fl]
^
p%$
^
*]&(fl$
n
`/]yC *
0
p
0
( 
^
("p/$
! ^
( 
_ ^
$+
0
( d]$5 ?$]
!
u/+9(
^
$%]prl2 $`]'&$]
!
u/+9(
^
$
0L!)(
`
^
+
! n
+9( SlO)+ d'
!
]
K^xNM>S#rRU Ux |(t$+`] *
^
 8]
0

n
`]&(D2
_ ^_ ^
(&+-(]s 4$
^0!NQ^
$+
0
($`]
!
+9r
0
 
0
u ] +   4$
^_ _
]p
^
$B$`]
n
`]yC
*
0
p
0
( 
^_ _ 0
91+-(d
0L! ^
 4$
!
'o*$'
!a^_!
]
^0!=!a^
(d]&u ]&($ffi9c`&+ *?`1]
_
+-u;+-(
^
$]fl $`]$]
!
u/+9(
^
$
0L!
`
^
+
! n
+-(
^
(op =9$+`/]
!
]&rF2u=
_
]
^
p& R$
0
$+`]w$
! ^
( 
_e^
$+
0
(
0
/$`] ]&($+
!
]
0)n
]
!<0
(= ]&(
^
r
_
+9(/d r>+
0
 :2L(fl$+`/]fl +  
0

n
`]&(D2
_ ^_ ^
(&+-(]yC $]46587 SFO+ d)'
!
] K^xNM>S@*oU Ux
vHw+* , .- /E1020 /3/ffio{m-
BL698;:A<;<t+  
^
*
0
u
n
'$
^
$+
0
(
^ _ ^Ln>n"!<0E^
* `$
0
$+`/]
n"!
]p+ *$+
0
(
0
F*
0
(fl
0L!
u
^
$+
0
(
^_
 :9%+ $4* `&+9(dw+9(
46587 9 `>+ *?` u
^
]fl 8'" 8]
0
 465k7 8]*
0
("p
^0!
2 4$
!
'"*fl$'
!
]
no!
]"p+ *$+
0
(
^
("p
n^
+
!
9%+  8]v 4$
!
'"*$'
!
]
*
0
u
n/^0!
+  
0
(LxZ $+  Rr
^
 8]"p
0
(v$`]v
0\_ _ 0
91+9(/d `D2
n\0
$+`] 8]fl 
^
r
0
'fl$B$`]v 4$
!
'"*$'
!
] 
n/^
*fl]
0

^
*
0
(fl
0L!
u
^
$+
0
(
^_
 :91+ $4*?`9 `>+ *?`B+  %p]
n
+ *fl$]pR+9(HO+ d)'
!
]K^xW«Y
MLx
/
`]
!
]\u/' 4$r]
^@_ 0
*
^_
u;+9(>+9u/'mu +-(;$`]7 4$
!
'"*$'
!
] 
n^
*]/*
_ 0
 8] S4+9(/$]
!
u6 
0
 ]&(/]
!
db2RU
$
0
$+`/]
0>Q
]
! ^_ _
]>(]
!
d ]$+ *u;+9(>+9u/'mu.x
/
`/],+
!
 4$
!
'o*$'
!
] u' 4$zr]  + d)(&+ s*
^
(fl$
_
2/p+ 4R]
!
]&($u=
+-(
0L!
p ]
!
$
0B!
]
no!
]fl 8]&(fl$F$39
0nfl0
 + $+
0
( 
0
c$`]< :91+ $4*?`91+ $`2p+ 4 ]
!
]&(fl$
!
]fld'
_ ^
$
0L!
2 '>("*fl$+
0
(Lx
«^x
/
`]} 4$
!
'"*$'
!
]fl 
!
]fl + p+9(d
+-(F$`]fl 8]6u;+-(&+9u
^
u' 4$`r]}*
_
]
^0! _
2< 8]
n/^0! ^
$]"prl2
^
( ]&(]
!
db27r
^,!
C
!
+ ]
!
$
0
]&( fl'
!
]6$`
^
$ ]
^
* `6*
0
(fl
0L!
u
^
$+
0
(+  F 4$
^
r
_
]
^
("p; :91+ $4*?`>+9(d.*
^
(
0
(
_
2.r]z$
!
+ d d ]
!
]"p
rl2!]lo$%]
!
(
^_
]
Q
]&(fl$4 "x
^x
/
`]; 4$
!
'"*$'
!
]/ 
n^
*]u' 4$2(
0
$
no!<0RQ
+ p ]
^
(
0
$`]
! _ 0
*
^_
u;+9(>+9u/'mu *
_ 0
 8]/$
0
$`]
0RQ
]
! ^ _ _
]>(]
!
d ]$+ *7u/+9(&+-u/'>u'=
^
 9 ]
^
 # fl'>u ]?$+`
^
$~$`] 46587
^
'fl$
0
u
^
$+ *
^_ _
2-sW("p& 3$`]
^_
$%]
!
(
^
$+
Q
]
nfl0
 + $+
0
(
0
("*fl]$`]7*?`
^
(d ]+  }$
!
+ d d ]
!
]px
/
`]6
0_
p+9(/dB 
n/^
*fl]7*
^
(;*
0
(fl$
^
+-( $]&(" 
0L!
`>'>("p
!
]p> 
0

_ 0
*
^_
u/+9(&+-u
^
xT7(
_
2Brl27* `]*&0+9(/d
^_ _
$+`
!
]fl]z*
0
("p+ $+
0
( 
0
(]
^
* `&+ ]
Q
]fl 
!
]
_
+
^
r
_
]
no!
]"p+ *$+
0
( "x
/
`/]
^Ln>n?_
+ *
^
$+
0
(
0
 $`] s
!
 4$
^
("p 8]*
0
("p
*
0
("p+ $+
0
(s
_
$]
!
 
0
'fl$4*587A £9c`
0
 8] ]&(/]
!
db2
_ ^
("p& q*
^Ln
]
no!<0RQ
+ p ]fl 
0
(
_
2
0
(]
Q$^ _ _
]u2u=d9c`]
!
]
^
 ?$`]
$+`&+
!
p*
0
(op+ $+
0
(
!
]5$ ]*$4 1$`
0
 8]91+ $+`$`
!
]fl]
0L!
u
0L!
]Lx
M  
 	 

 R
4

 
   
132N4 
 



 
O


 
	
   fi
  
phe phe phe

		 fffiffifl  !"$#!	&%
phe phe phe
(')*!	+fi$" ff,".- /0-1 !32$!fifl4-!5
36
7*8%
phe phe phe
phe phe phe
9fi6:!"$#-ffi	;ff</=-> fl 	'$ffi?=+@!A/!3B)(C !"#D%
E
 
   
GFIHKJS<]*?`
^
(&+  flu
0

^
$5$%]&(>'
^
$+
0
(gxS
^
U
/
! ^
( q*
!
+
n
$+
0
(
0

_
]
^
p ]
!<n
]
n
$+ p ]mx(S#rbU f+ d`
_
]
Q
]
_\0

n
`]yC $]46587 ]>(
^
r
_
]fl b
^
 4$
no!<0
*fl]fl # +-(d
0

n
`]yC *
0
p
0
( "x
/
]
!
u;+-(
^
$
0L!
`
^
+
! n
+9(
n
]
!
 +  4$5 
^
("p
$
! ^
( 
_ ^
$+
0
(: 4$
0n
 "xnS *oUML
0
9
_
]
Q
]
_l0

n
`]uC $D4*587R 4$
^ _ _
 
!
+9r
0
 
0
u ]
^
$ $`]b$+`
!
]]:*
0
( 8]"*&'fl$+
Q
]
n
`]yC
*
0
p
0
( "x
/
`&+  ?p ]
_e^
2
^_ _ 0
9` `
0L!Q^
 4$
!
'o*$'
!a^_!
]
^0!=! ^
(d ]&u ]&(fl$n9c`&+ * `/r
!
]
^
 z'
n
$+`/]1$]
!
u/+9(
^
$
0L!
`
^
+
! n
+9(
^
("p>]&(
^
r
_
]fl 
!
]
^
p,$+`
!10
'd`\+9(fl$
0
*
0
p+9(/d
!
]fld+
0
(Lx
  
M 
 	 

 R
4

 
  
132N4
	



 
O


 

ff fi
?
-
E
reaction path
local
minimumglobal
minimum
energy
barrier
6
?
E
 
   
GF  J W]$4* `
0
}$+`/] 4$
!
'o*$'
!
]\ 
n/^
*fl]
0

^
*
0
(fl
0L!
u
^
$+
0
(
^_
 :91+ $4*?`gx
/
`] 4$
!
'"*$'
!
]
 
n/^
*fl] `
0\_
p& `$39
0Q$^ _ _
]u2o b$`
^
$
^0!
]1 8]
n^0! ^
$%]pBrl2
^
u
0
'>($
^
+9(
!
]
no!
]fl 8]&(fl$+9(d$`]c]&(]
!
dR2/r
^0!=!
+ ]
!
x
vHw  } , b{ffiE  /E# 10 0
	 /3-ffi -}
/
`] B L6;89:<9<
^Ln>n"!<0E^
* ` $
^
] 
0
'
!n^0! ^
u ]$%]
!
 \
^0! ^
u ]$%]
!
d+
Q
]fl \$+`/]I]>(]
!
db2
! ^
(d ]
+9(*
^_
u
0_
S p ]
^
'
_
$] dUx

^0! ^
u ]$%]
!
d+
Q
]fl <$`]0+-("p
0
f 4$
!
'"*$'
!
]fl ]=A(
^
u ]
_
2/ ]
^
 +9r
_
]fl 
0L!
*
^
(
0
(&+ *
^_
 mS
no!<0
r
^
r
_
2
!
]fl
0_
p ]pUu=m$`
^
$
^0!
]F$
0
r]1*
0
(" + p ]
!
]prF2%$+`/]?
0_
p+9(d
no!<0
d
! ^
u S p ]
^
'
_
$]
*
^
(
0
(&+ *
^_
 yUx
/
`];$%]&u
n
]
! ^
$'
!
]\+9(
 +  d+
Q
]>(
Q
+
^

^0! ^
u ]$%]
!
 S p ]
^
'
_
$]#dUflx
^0! ^
u ]$%]
!

d+
Q
]fl %$+`/]
u
^
L+9u
^_
(>'mu/r]
!k0
3 4$
!
'"*$'
!
]fl z$`
^
$F `
0
'
_
p8r/]
^
(
^ _
2" 8]pS@p ]
^
'
_
$Di¡¬Ux
7fffiffiflfl l
n

!
+9u!&(fl$3$#"L$fl ks
Q
F 4$%
n
 S&y'"Lu
n'(
*)?u+-,*.0/
0
,1"p/r1
( 0
9235462ffi.
0
.571 
n-(
/ 81p
L-1"0p-2
0
4
ffi9;:

gLg

_

?¤RUu


=<
HKJ

?>
<A@
CB 5D
 fi

  
	
   fiE<

 F
)5/G,1HI"J,H46587K4
0?(
p=/L,1H
n
2
0
H=2M"mu'=N")$"Lu
n'(
O)#5.
PRQ 
1S5T$U1VWVXU#S%Y

4Z2
0
u[.\71
4
0?(
p=/L,]H^)
n
"_8E
0
4`.\7]!.a"_23H-*. 4*587b/ )zp=2M"y9c,Lx<,!.\71
8]"1)#
.\7]"1.d.571
,-e>u/r]2
0
4f)%.02ge185.5e'23*)he-,"p-2i.\71hH=/
Q
',
Q
"
(
e1*)c4
0
2

=

"J,"pkjly8EEEm-)

=

0
4i.571'no"_23
8'7
0
)#-,p][?e_"
(L(
2km=/ )%.\26/Lq-e*.aEmr.
0
4
0
26ns.571t)$"Jnhu
(
)#5.Evxw 4+y2Ju
0
.571*)#*)HMI",]m r"_234Ze
(
s
(z(
Em =
.\7'/ ){)#5.
)*7
0
e
(
m|8
0
,E.a"/L,|n+-nq12})
0
4.39
0
4g"Jn{/
(
/ *)
0
4)%.\2ge185.5e'23*)1v~w,t.571
0
.\71'281"])#>=`.57'/ )
)#5.^n!"y2I8
0
,*.#"/L,
0
,]
0
2 n
0
23^.\7]"J,p.39
0
46"Jn{/
(
/ *)]=k9c7'/ 8'7
(
1"_m')h.
0
.5718
(
"])a)5/ sffi8]"E.\/
0
,r"])h"
,
0
,uC):9/ .%8'7I/L,O.571O)*e-qE)#\[?e1',*.c)%.a'uE)1v


=<
  J 
@  @fi  ffi@fi
%  

 



 
@

 O
0
2t"
(L(
S#3U#SWŁP£=!.571/L2u]"/L2B9/ )#m=/ )%.#"J,18E
*E
S#}U#SW0p/ )p81"
(
8'e
(
"1.aEmffiv
/
7'/ )/ )m
0
,]r4
0
2 .571-,123Hb2q]"_2626/ '2Om=/ )%.a"J,181
]}
"J,1m"1.
(
1"])%.
0
,1
0
.\7]2m?/ )%.#",]8En!1"])*e'23
1
0
,k.571k)%.02ge18*.\e'23r)*u]"_8E>="J,1m|.571|23*)*e
(
.)I"_23u
( 0
..%1mK/L,
"
]}
U
E
8
00
23m=/L,]"1.ak):21)%.a'nv|wA,I46"_85.!.\71ru
( 0
.^7
0?(
m'){.39
0
u
0
/L,*.%){4
0
2]"]8-78
0
nu]"2/ )
0
,x"])
  ffi@
	
@


 


 
 
@
CB

 



 
	 

 
	
   fi

"]8*.\e]"
(L(
2.\71
Q
"
(
e]*)
0
4

}
Sg)#E [ v NvhK¥U "_23Iu
( 0
..%1m =q9c7'/ 8'7ku12
0>Q
/ m-E)
"_m-m?/ .\/
0
,_"
(
/L,*4
0
2gnO"DC
.0/
0
,Jv w 4 q
0
.57+
(
'n!',*.%) /L,
"hu]"/z2`"_23c42
0
nl.571 )$"Jn!c)%.02ge18*.\e'23+46"Jn/
(
2u=C.\7]/z2 m?/ )%.#",]8E!)*7
0
e
(
m
q1)*nO"
(z(
v
0
,
Q
2})#
(
2y= / 4q
0
.57^"_23{4Z2
0
nsm=/ 4 '2}-,*. 4g"n/
(
/ *)]= .571/L2fm=/ )%.a"J,181 )*7
0
e
(
m|q1
(
"_23H-v
/
7-eE)]=?.\71hu
( 0
..%Em m=/ )%.a"J,181!m?/ "_H=2M"Jn )*7
0
e
(
mtyC7'/Lq-/ . .39
0
8
( 0
e1m')
0
4 u
0
/L,*.%)]=
0
,1{/G, .571
( 0
9 2
(
54.u=
0
,]O/L,c.571Oe-uu12`26/ H?7E.PSFOffi/ H?e'23K v S">U U5vw 4 .57'/ )/ ) ,
0
.i.571 8]"1)# .571 m?/ "_H=2M"Jn 8
0
e
(
m
( 00
"1) )*7
0
9c, /L,HOffi/ He'23KNvZSaqbU5v


=<
 J
fi

 &@
CB
F
)5/G,1H "^)%.#"J,1m"_23m 8
(
eE)%.a26/L,1H"
(
H
0
26/ .57-n Pl/ )O)*u
(
/ ./L,E.
0
.39
0
m=/ ) $
0
/L,*.
8
(
eE)%.a2}) T"J,1m

= q]"])#Em
0
,O.571 u]"/L2B9/ )#{m=/ )%.#"J,18E*)e-,1m-2 / .\7]2
]}
0
2
E
v


=<
J 

fi 

fi!fi fi

 
	
   
 



 
@

 O
0
2i1"_8'78
(
e1)%.%2ff <= "8
0
,E)#',1)*eE)+)%.\2ge185.5e'23
fi
`/ ) m-26/
Q
Emql2 s 2})%..a"

/L,1Hk"
(z(
q]"])#pu]"/z2})hu]23*)#',*./L,h.\71pn!" $
0
26/ .32
0
4f.\71pn+-nq12})
0
4fl =
",]m .\7]',^231"Ju-u
(
2-/L,]HI.571O4
0?(
m=/L,1Hk"
(
H
0
26/ .57-n 9 / .\7{.\71E)#^q]"])#^u_"-/L2})PsEmffivOffi/ H?e'23jKNvhKI)*7
0
9 )
.\71
8
0
,E)#',1)*eE) )%.\26e]85.\e-2}E)
fi
T0U
fi

m26/
Q
Em^4
0
2 .\71
y'"Jnu
(
v


=<ffi
J 

fi 

fi!fi fi

 
	
   ! 

A@

@

 O
0
2"
(z(
S#  P.571^-,123Hb2q]"_2626/ 2m?/ )%.#",]8E*)
]}
S#}U
fi
T% ",]m
_}
S#}U
fi

;"2} 81"
(
8'e
(
"1.aEm+"J,1m!u
( 0
..%1m "1)fu
0
/L,*.%)f/L,d"
fi
T0U
fi

8
00
23m=/G,]"1.%):21)%.%-nv
7 H"/L,=


}
/L,E)%.a1"_m
0
4
]}
/ ){u
( 0
.Z.aEmffivtw 4y2Ju
0
.571*)5/ )«/ ) 4Ze
(
s
(z(
1m = .\71
fi
T46"Jn{/
(
2
0
4f)$"Jnhu
(

)%.02ge185.5e'23*)£9/
(L(
)*7
0
9be-u "]) " 8
( 0
e1m
0
4 u
0
/G,*.%)c,11"_2N.\7]ff"ZC"DJ/ )]=J.571
fi

46"Jn/
(
2O,11"2N.571fl# C"DJ/ )]=
(
/

)*7
0
9,O/G, Offi/ H?e'23rK vW¡ vw 4 ,
0
.D=C/ .5712 "c)5/ H?,'/ sffi81"J,*. ,e-nq1'2
0
4 u
0
/G,*.)/ ),]1"_2 .\7]+q-/ )#E85.\/L,]H
(
/L,]
0
2dn
0
23O.57]"J,
.39
0
)#-u]"_2M"1.%8
( 0
e1m')O"uu11"_2v
/
0
',E)*e-2}h.57]"1..5718
0
,E)#',1)*eE)+)%.\2ge185.5e'23*)
m
0
,
0
.c23'u]23*)#',*. .\7] .39
0
u
0
)a)5/Lq
(
 e-,uC

,
0
.Z.aEmku]2
0
$&E85.\/
0
,E)
0
4i"uE)#'e]m
0$
,
0
.)%.\26e]85.\e-2}=ffi.571
%
_uAfl`'&
)('*>
cr? AD¤]_]`oª3A+-,/.10243]S5768289 4
0
2i.571 8
0
,E)#-,E)*eE){)%.\2ge185.5e'23*) / )O81"
(
8'e
(
"1.%1mffiv;O
0
2 .571
l'"Jnu
(
+.\7'/ )!2}E)*e
(
.%)O/L,,/.10243]S57682Q;:=< v
w 4d.571
0
e*.a8
0
n+
0
4)%.%-uE)HMjCm¡R/ ){"])
m-*)#826/Gq1EmR"Jq
0RQ
=dw u123Em=/ 85.
.571xu
0
)a)5/Lq'/
(
/ .32
0
48
0
,uC
4
0
2gn!"1.0/
0
,]"
(
):9/ .a8'7'/G,1Hxq1*.39 E',{)%.\2ge185.5e'23*)
fi
Td"J,1m
fi

v
/
0
H-*.\71'23=N.571u2"_23
81"
(L(
Em
%
ª3A8&Re
:
cfA>&
¤og cfA]ª
*
¤cfe
*@?!ACBED
:
)*FB
ª3?¤cfe
)*
_G+
%
¤]ª
*
¤
:
9v
/
7'/ )+/ )c"])4g"_2 "])
0
,1O81"J,{H
0
/G,
)5/
(
/ 8
0IH
.571s;,]"
(
u12
00
4 4
0
2 .\7] u123Em=/ 85.aEmp8
0
,*4
0
2gnO"E.\/
0
,]"
(
):9/ .a8'7'/G,1H 7_"1).
0
q1{"_8'7'/ 
Q
Em^yCu126/Ln!',*.#"
(z(
2*v
vHwv  -  -ffi}mKJF /ffio{L#-ffi -ffi}m0 {~ /E1020
Ge]k.
0
/G,E)*e=M^8/ ',*.p"
(
H
0
26/ .57-n+)]= 4
0
2 .\71u_"-/L2N9 / )#rm=/ )%.a"J,181r81"
(
8-e
(
"1.\/
0
,R"J,1mR*)*u118/ "
(z(
24
0
2
H-',12M"1.\/L,1H^.\71O)%.\2ge185.5e'23
)$"Jnu
(
>=?.57123*)*e
(
.)
0
4`.\7]s 2W)%.
Q
2})5/
0
,
0
4_Jfffiffiflfl 9f23t,
0
."1)
lCu1E8*.%Em v
/
71c4
0?(L( 0
9/L,1HI/Lnhu12
0RQ
'n+',E.)d"J,1mO.571 "
Q
"/
(
"Jq'/
(
/ .32
0
4 n
0
23c8
0
nu-eE.a"1.\/
0
,_"
(
u
0
9 2
/L,18231"])#Em.\7] 2}
(
/ "Jq'/
(
/ .32K"J,1m )*u1EEm
0
4{.57'/ ))%.\23"1.aEHb2 "J,1mbnO"]m~u
0
)a)5/Lq
(
R.571
Q
"
(
e_"E.\/
0
,
u12
0
81Em?e'23m-*)#826/Lq]Em /G,ONffi185.0/
0
,K vQPffiv
RffSTRffSVU WflXEYEZ\[^]`_`abCYdc
/
71reE)#
0
4"J,reu^.
0
m"1.aI',1'2}HR2n
0
m-
(
WKY=6¡>K / )*)a)#',E.0/ "
(
.
0 0
q*.#"-/G,q-/
0?( 0
H=/ 81"
(z(
2R2}
(
yC
Q
"J,*.4
0?(
m?/L,1H')1v_Jfffiffiflflx,
0
9 .a"

E)c"_m
Q
",E.a"_H-
0
4i.571I,1u9 *)%.
Q
'2W)5/
0
,E)
0
4cffJfifl@egf$h_gir"J,1m
fffi)jh)k'l Snm/ -,-,]"p46587 u_"]8

"_H-Qo>=m`'2W)5/
0
,!MJvhK¥U5v
   
 ffi@
	
@


  


 

@
CB 

	



  	 

 

ff fi
0
50
100
150
200
250
300
350
0 5 10 15 20 25
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
  CC! ffi ffi fl 	:ffi "!#!"$#!	&%
 0
 50
 100
 150
 200
 250
 0  5  10  15  20  25  30
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
C'$ (C"!   fl 	  $=5&
	  (-0%
Effi@
B
    
F  JHG/ )%.#",]8Exu
( 0
.%)O4
0
2 "I):9/ .a8'7I"J,1m "x,
0
,uC):9/ .a8'7Jv  "_8'7 &M)%.#"_2
(
8
0
2623*)*u
0
,1m')h.
0
"|u]"/z2
0
4)%.\26e]85.\e-2}E)1v~
( 0
.S">U+)*7
0
9 )
.39
0
9 
(z(
)#'u]"23"1.aEm8
( 0
e1m')
0
4!u
0
/G,*.)]=69c71231"]){.571
u
0
/G,*.) "2}9/ m-
(
2h)*u1231"_mk/G,tu
( 0
.SaqbU*v
  ffi@
	
@


 


 
 
@
CB

 



 
	 

 
	
   fi
  
A
A
C
UA
A
AA
C
A
A
U
UU
U
U
G
A
A
G
A
A
C
A
G
U
U U
C
U
G
U
A
C
U
U
C
A U
U
G
G
UA
U
G
U
A
G
A
G A
C
U
UC

T
A
AC
UAAAAC
A
A
U
U
U
U
UG A A G A
AC
A G U U U C U G U A C U
U C A
U
UGG
UA
UGUA
GA
GA
CU
U
C
('

Effi@
B
ff 
F

J  23Em=/ 85.aEmI8
0
,*4
0
2gn!"1.\/
0
,E)4
0
2 N;u
(
/ 8E1m L-1"_m-'2
0
4
9;:

ghg

_

?¤v
0
5
10
15
20
25
0 5 10 15 20 25
EB
 d
ist
an
ce
 to
 c
on
se
ns
us
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to consensus structure 1 [kcal/mol]
Effi@
B
   O
F
ffi
J
/
71
Q
"
(
/ m"1.\/
0
,u
( 0
. )*7
0
9 )d.\71 m=/ )%.#"J,18E*)
0
4 "
(z(
)$"Jnu
(
Em
)%.\26e]85.\e-2}E)d.
0
.\7].39
0
8
0
,E)#-,E)*eE) )%.\2ge185.5e'23*)
fi
Td"J,1m
fi

v
/
71 uE)#'e1m
0$
,
0
.
n!1"])*e'23/ ) MDKNv
 

 ffi@
	
@


  


 

@
CB 

	



  	 

 

ff fi
RffSTRffS  Y)Z
		TXd[dY Y Z/Yff'aflfiffi XEaX	 ^c!")Z$#%#CZ\Y
Ge]f.
0
.571 81"
(
8'e
(
"1.0/
0
,
0
4;u]"/z2N9/ )#m=/ )%.#"J,18E*)]=.571
0
u]2M"E.\/L,]Hc.\/Ln+
0
4 fffiffiflfl+/ )8[?e]"_m=2M"1.0/ 8/L,
.\71)5/ "E
0
4 .571 )$"nhu
(
)#5.Ev
/
0
/L,18'2}]"1)# .\7]+u]2W4
0
2gn!"J,18EO/ . / ) .\7]2354
0
23c4g"
Qo0
e'2M"Jq
(
c.
0
7]"
Q

"
)*n!"
(L(
2 )$"nhu
(
!)#5.Ev
/
7'/ )+/ )"_8'7-/ 
Q
1mxqF2{81"
(
8'e
(
"1.\/L,1H
0
,
(
281"J,
0
,-/ 81"
(
)%.02ge185.5e'23*)]= n+]",-/L,1H
)%.02ge185.5e'23*)9 / .\7
0
e*.!/ )
0(
"1.%1m(Sae,E)%.a"_8

EmU+q]"])#tu_"-/L2})1v 7u-u12
0
J/Gn!"1.%
(
2y=N.57'/ )O2}E)%.026/ 8*.0/
0
,
(
1"_m')
.
0
"!23Em?e]85.0/
0
,
/G, .\71 )5/ "E
0
4 .\71)#1"_238'7c)*u_"]81 42
0
n'& V)(+*h.
0
:V)(* =R9c7123

/ ) .571)#\[?e1',181
(
',1H'.\7JvrO?e'2W.\71'26n
0
2}+.57'/ ) 2}E)%.026/ 8*.0/
0
,{m
0
*) ,
0
.
0
,
(
2/L,]8231"])#!.\71u12W4
0
2gn!"J,181hqe*."
(
)
0
.571
m=/ )%.\/L,18*.0/
Q
cu
0
9 2="])i/L, )
0
n! 8]"1)#E) .571
0
818'e'2623',18E
0
4 / )
0(
"1.aEm
q]"])# u]"/z2})f/L,cnO"-/G,
(
2e-,-u_"-/L23Em
2}1H=/
0
,E)^7]"])
"x,1EHJ"E.\/
Q
^ 4 E8*.
0
, .571tm=/ )%.a"J,181xn+1"])*e'23*)]= 9c7'/ 8'7xn!"y2/Lnhu
(
2ke-,1812W.a"/L,E.0/ *)
/L,O.571/L,*.a2gu]2}*.a"1.\/
0
,
0
4i.\71Om=/ )%.a"J,181^u
( 0
.%)1v
RffSTRffS,  Y.- a c b"	TXE[/EY07Z$#1# Z\Y2354ff c Y7698da:; c _<	TX	=4>
/
71)%.02ge185.5e'23*)
0
,1^/ )O/L,E.%23*)%.aEm/L,"_23
.571
( 0
81"
(
n/L,'/Gn!"
0
4i.571
)%.\2ge185.5e'23)*u_"]81v7
( 0
81"
(
n{/L,-/Lnen / ) " )%.\26e]85.\e-2}m9c7'/ 8'7h7]"])f.\71
( 0
9 *)%.f423E ',]23Hb29/ .57O23*)*u1E8*.f.
0
/ .) ,1/ H?7-q
0
e'26/L,1H
)%.02ge185.5e'23*)1v
/
712354
0
23>= .571)#5.
0
4
( 0
81"
(
n{/G,'/LnO" m-'u1',]m')
0
,.571tm-us;,-/ .\/
0
,
0
4 ,1/ H?7-q
0
e'2BC
7
00
m = 9c7'/ 8'7/ ) ,
0
2gnO"
(L(
2!.\7]+m=/ 4 23',181 /L,
0
,
(
2
0
,1q]"])#u_"-/L2v67 ) n!',*.\/
0
,]Emq154
0
23>=N8
0
nmC
u
(
5.a{)*eq
0
u*.\/LnO"
(
4
0(
m=/G,1Hru]2
0
m?e]8E*)!"
(
"2}Ht,-e-nhq12
0
4i)%.\2ge185.5e'23*)+"J,1mI"
(
)
0
"
(
"_23H-^,e-nq1'2
0
4+,]/ H?7q
0
e'26/G,1H)%.\2ge185.5e'23*)
0
,1 / )teE)*e]"
(z(
2|,
0
./L,*.a23*)%.aEm /L,Jv!7 q12ge*.at4
0
238Ek"Ju-u]2
0
"_8'7.
0
.\71
(
/Ln/L,]"1.\/
0
,
0
4 .\7]*)#!e-,D9f"J,*.aEm
)%.\2ge185.5e'23*)/ ) "]) 4
0(z( 0
9 )\O
0
2N1"_8'7c)*e-q
0
u*.\/LnO"
(
)%.\2ge185.5e'23
u12
0
me18EEm~qF2^Jfffifl@egfh]gi eE)#h.\7'/ )O"])O"t8
0
,1)%.02M"/L,*.+4
0
2f8
0
,E)%.\2M"-/G,1Emk4
0?(
m=/L,1HeE)5/L,1HkJfffi)jhgk l
?A@
v w 4f.\7]p,]u9
(
2xu123Em?/ 85.aEmx)%.\2ge185.5e'23/ )Om=/ 4 '2}-,*. 4Z2
0
n .571
0
26/ H=/G,]"
(
/L,u-e*.D= Jfffigj$hgk lk4
0
e-,1m
u
0
)a)5/Gq'/
(
/ .\/ *) .
0j0
u*.0/Gn{/ )#c.571 )%.\2ge185.5e'23!"J,1m.\7]2354
0
23+.\71
0
2/ H=/L,_"
(
)%.\2ge185.5e'23h/ )m-
(
5.aEmh42
0
n
.\71O)%.\2ge185.5e'23{)$"Jnu
(
v
RffSTRffS-R B XDCE4FEZ\a%G Y bIHJ	KCX1/Y _`Y1#CZ\YML%1 Y b aXNPOQB  Y/aXdbR Z ]
07Z$#1#CZ\YFB cS	 [ X54 YEXT
U
00
m^u12W4
0
2gn!"J,18E
0
4 .\7] m=/ )%.#"J,18En+1"])*e'23O/ )d*)a)#',*.\/ "
(
4
0
2 .\7]fffiffiflfl{"Ju-u12
0
"]8-7JvWVh"J,D2
0
4.571 8
0
nhn
0
,
(
2eE)#Em n+5.57
0
m-)r"_23,
0
.p4Z2}1R42
0
n "_2W.%*46"_85.%)1v 4;E8E-,*.
(
2y=
"Łu12
0
n{/ )5/G,1H
m=/ )%.#"J,18Ekn+]"1)*e-2}
YXSZS[
q]"])#Em
0
,h.023Et"
(
/ H?,-n+-,*.)h7]"])q118
0
n!"
Q
"/
(
"Jq
(
>=i/Lnhu
(
-n+',*.aEmr/L,
.\71.
00?(
ffJfigj$h\]?fl>i+]K\HSg)#1  vW«Nv ¥U5v%^Ł7'/
(
ffi_JfffiflJflc)%.0/
(z(
u12
0>Q
/ m-E)
0
.\71'2 m=/ )%.#"J,18E!n+]"1)*e-2}E)]=
wN,
0
9[u]23542
YX=Z_[
v
vHwa` /3/ £P{'}.0
Gf"1.#"]C$n{/L,-/L,1H .\71
(
/ .a2M"1.\e-2} m-
(
/
Q
'2}1m/G,*4
0
2gn!"1.\/
0
,
0
,-« 

,
0
9c,d)%.\2ge185.5e'2M"
(
):9/ .%8'7]*)d/G,ffi46587-=
.39
0 0
4ffi9c7'/ 8'7|"_23m-*)#826/Lq]Em"]) .%2W.\/ "_2N2|)%.02ge185.5e'2M"
(
):9/ .a8'71*)1v O
0
2c.571R23'nO"/L,'/G,1H «YMx)#yC
[?e1',181*)]=fwl].\23"_85.aEmI.\7]^u]"_2W.c8
0
,E.a"/L,-/L,1Hp.571{):9/ .a8'7 ",]mp"J,]"
(
21)#1m / ..
0
.a*)%. _Jfffiffiflfl
0
,
.02ge1ku
0
)5/ .\/
Q
p",]m46"
(
)#k,11H"1.0/
Q
xu]2}1m=/ 85.\/
0
,E)1v
/
71ku]"_2M"Jn+5.a2})9 23I"_m"Ju*.aEm.
0
H-5.hq]*)%.
u
0
)a)5/Gq
(
r23*)*e
(
.%)1vTO
0
2c2}]"]mJ"q-/
(
/ .32231"])
0
,E)pwY9/
(L(
H=/
Q
^m-*.a"/
(
Em~/L,*4
0
2gnO"E.\/
0
,
0
4.\7]I"J,]"
(
21)#*)
4
0
2 )5/ pu-e-q
(
/ )*711m^):9/ .a8'71*)O/G,O.\7-/ ))#E85.\/
0
,= .\7123'nO"/L,'/G,1H^81"J,tq1!4
0
e-,1mx/L, 7uu1',1m=/ E7v
  ffi@
	
@


 


 
 
@
CB

 



 
	 

 
	
   fi 
H
RffS ffSVU B A YEX5#% a^Z
E 

@


/
71n
0
m-
0
4 "_85.\/
0
,
0
4 .571 7 ..%-,-e]"1.
0
2 / )!m-*)#826/Lq]Em/L,tm-*.a"/
(
/G,NffiE8*.0/
0
,KNvNMJv

eE)%.
"])
"![?e'/ 8

23'n{/G,1m-2
/
717 ..%',e]"1.
0
2c/ )" 23EH?e
(
"1.
0
2N2
(
'n+-,*.h/G, .\7]
(
1"_m-'2
0
4.571
u-71>N¥C$u-71
/
C
0
u1'2
0
,
0
4i
9 :

ghe vw . 81"J, ):9/ .a8'7{q15.39fE',!" .\23"J,E)
(
"1.0/
0
,]"
(
"]8*.0/
Q
 "J,1m"J,
/G,]"_85.0/
Q

8
0
,*4
0
26nO"1.0/
0
,{m-'u]',1m=/G,1H
0
,O.571
8
0
,]8E',*.\2M"E.\/
0
,
0
4du-71yC&.]465k7 v
2
 
>


  fi

;,123Hb2^2M"J,1H-"& V <.
fi
3
	

N 1"_238'7)*u]"_8E 81"J,ffi,'/ 81"
(
)

'nhu12M"1.\e'23 Jh

V"D?v N?.\2ge185.5e'23*)\£¡¬
2
@  @fi @fi
%  

 




@



71 u]"/z2/ )#Im?/ )%.#",]8EI81"
(
8'e
(
"1.\/ ffi,E)Iq]"])#Em,
 [
"J,1m
YXSZ_[
m-
(
/ ]23Emp.571 23*)*e
(
.)+)*7c,^/L,ffi/ H?e'23ffNvQPffivfiflJ2dq-.\7hm=/ )%.#"J,18Epn+1"])*e'23*)c.571{m?/ )%.#",]8E
u
(
-.) )*7Ł.57'23E
8
(
e1m-)ffi-4du?/G,*.%) !-4"7-/ 8'7O.571+.#$/L,!.571
(
 '2
(
54M. u_"_2W.%'4`.571u
(
-. "_23
)#'u]"_2M"1.%1m~nO"-/G,
( &
q
&
.571I-,123H
&
q_"_262/ 2 m?/ )%.#",]8E'7-/
(
I)*7/L,1H~23
(
"1.\/ ]
( &(
 m?/ )%.#",]8E*)
4(J2
 [
"J,1m
YXSZS[
v*)
(


"E..\7]
(
/ )%.ffi-4 "J,]"
( &
)#Em^)*equ*.\/LnO"
(
)%.\2ge185.5e'23*)ff+&mJ"E.#"p,'.)*7c,-,
2}.]1"
(
) .\7]"1.f.\7-/ ) / )m?e1 ./
.571+yJ/ )%.a',18Efi-40ffi,1 )%.\2ge185.5e'23!)*7 /G,1H)
(
/ H?7*.1_"_26/ "E.\/ ffi,E) /G, .571
)#',E)#.\7_"E. / . 81"_2626/ E) "
7]"/z2gu'/L,+8 nhu126/ )5/G,1H!.571 )$"n!d)# 2e1',18E{q-e*.3/ .57m=/ 4 '2}-,*. q_"1)#!u]"/L2W)1v
4
e] ./{.571*)# 46"_85.%) / ./ )c231"])5,_"q
(
O./^23EHJ"_23m.571 .#$8
(
ffie1m')+/L,+.\71
(
 '2
(
*4M."])*,1Jv62
.\7'/ )!2}]"1)5ffi,
.571Om=/ )%.#"J,18E^u
(
'.%)!/Lnhu
( &
"{8,*472gnO"E.\/ ffi,]"
(
)8/ .a8'7Jv
 

fi 

fi fi fi

 
	
   fi

(
eE)%.a26/L,1Htq_"1)#1m9,
 [

 XSZ_[
"J,1m
]}
",]m+)*eqE)# 2?e1-,*. 8,E)#',1)*eE)
)%.02ge185.5e'23I8]"
(
8'e
(
"E.\/ ffi,|2}E)*e
(
.aEmR/G,t.571^8 ffi,*4(J2gn!"1.\/ ,1){)*7c, /L,: / H?e'23; vG<0c7'/ 8'7p"_23t.571
)$"n!t472 "
(z(
m=/ )%.a"J,181Rn+1"])*e'23*)1v

71E)# 8 ,E4(J2gn!"1.0/ ,E)^"_23/L, 82623*)*uffi,1m-',]8E / .\7k.571
lCu126/Gn+',*.#"
(
23*)*e
(
.%)  "])%,
( &
fi
T 81"_2626/ *).571+.%'26n/L,]"1./J2i7]"/z2gu'/G,h"1.c/ .%) <=?>Z',]mffiv@)`m-m=/ .\/ ffi,]"
(z( &

fi
T+7_"1)O"
(
 2 423E ',1'2}H
&
+7>«!AvW«

81"
(?B
nC
(
, .\7]"J,
fi

+(>«¬ vED 

81"
(FB
nC
(
,%c7'/ 8'7tlCu]23*)a)#*)
.\7]"1..571h"1..%',e]"1.8J2/ ){,J2gn!"
(z( &
/G,.571.%2gn/L,]"1.\/ , 8 ffi,*4(J2gn!"1.\/ ,t"J,1m7]"])c.8p)8/ .a8'7p/L,*./
.\71h231"_m.57'2e1H78 ,E4(J2gn!"1.0/ ,Jvcw,GJ23m-2 ./4Ze'2W.5712H_"
(
/ mJ"E.a+.\7]!8,E)#',1)*eE)c)%.02ge18*.\e'23*).571
eE)*e]"
(
_"
(
/ m"1.0/ ,^u]28EE)a)I'4 fffiffiflflfff"])+u1'2X47J26n!Emffiv
 

fi 

fi fi fi

  
	
  G 

A@

@



71I_"
(
/ m"1.0/ ,tu
(
'.c/G,
ffi/ H?e'23fiNv o)*7 ).57'23EO8
(
ffie1m') 
7-/ 8'7,J2gn!"
(z( &h(
1"_m')d./h8
(
"])a)5/ Jffi81"1.\/ ffi,"1) ",,K>)8/ .%8'7Cv@)i)"
(
231"_m
&
n+-,*.0/ ,11m "Jq]Lffi,1
)%.02ge185.5e'23k/G,h.571)$"Jnu
(
)*7 )!)
(
/ H?7*.Om=/ 4 '2}-,18E*)M7-/ 8'7x7]"])
"231"])5,]"Jq
(
x/Gnu]"_85.Iffi,
_}

",]m / .!/ )+"_H"/L,.57'/ ) )%.\2ge185.5e'23Nc7'/ 8'7t81"JeE)#E) .571{.#@ru/L,*.%),11"_2 .571pq'/ )#185.0/G,1H
(
/G,1v ^/ .57
.\7'/ )fy].02M"

,
(
Em-H- "1.d7]"J,1m/ .d/ )f)#',E)5/Gq
(
 .8O8
(
"])a)5/ 4
&
.571+23*)*e
(
.@'4 .571c"J,]"
( &
)5/ )d"1) u)5/ .\/ ]
n+1"J,'/G,1Hx.57]"1. .571^)8/ .%8'7-/L,1H u12ffiu12W.
&
'4.571O) ..a',-e]"1./21 "1)
)*e]8E8E*)a)%4e
(z( &
m5.%185.%1mP/ .\7
.\71 7]
(
uN'4 _Jfffiffiflfl=v

7]{81"
(
8'e
(
"1.0/ ,Q'4 ,/.10243_S75768223*)*e
(
.%1m /G,ffi&R
c7'/ 8'7)*eu-uJ2W.)c.571
8 J223E8*.+u]2}1m=/ 85.\/ ffi,Jv1) 4g"]8*. .\7]"1.c/ )"
(
)5 l=u123*)a)#Em q
&
.\7-/ )c",_"
( &
)5/ )+/ ) .\7_"E. n/L,J2 )%.\2ge185.5e'2M"
(
m=/ 4 '2}-,18E*){nO"
&(
1"_m.8e-,]8E2W.a"/G,*.0/ *){/G,!.\71h/G,*.%'26u]235.#"E.\/ ffi,ff-4`.\71Om=/ )%.a"J,181"J,1mff_"
(
/ mJ"E.\/ ffi,
  
 ffi@
	
@


  


 

@
CB 

	



  	 

 

ff fi
 0
 50
 100
 150
 200
 250
 300
 350
 400
 0  5  10  15  20  25
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of attenuator
& 
 [
 0
 50
 100
 150
 200
 250
 300
 350
 400
 0  5  10  15  20  25
TD
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of attenuator
(' 
XSZS[
Effi@
B
   
F J
4
/ )%.a"J,181tu
(
-.)47J2 u-71@N >$u-7]

> ) ..%',e]"1.8J2v
  ffi@
	
@


 


 
 
@
CB

 



 
	 

 
	
   fi 

AUCCAGGAG
GCUAG
CGCGUGAG
A
A
G A G A
A
A C
G GAAA
A
C
A G
C G
C C
U G A
A A G C C
U C C C A
GUGGAGGCUUUU
UUUG
& 
T
A
U
C
C
A
G
G
A
G
G
C
UA
G
C
G
C
G
UGAG
A
A
GA
G
A A A
C G G A
A
A
A
CA
G
C
G
CCUG
AA
A
G
C
C
U
C
CCA
GU
G
G
A G G
C
U
U
UU
UUU
G
(' 

Effi@
B
ff 
F  J  ffi,E)#',E)*e1) )%.02ge18*.\e'23*)47J2H) ..%',e]"1.8J2 q]"])#Em;ffi,
 [

YXSZS[
"J,1m
]}
v
u
(
-.)1vwA,O)*e18-7{81"])#*)!/ . / )"HJm/ m-1"{./.a"


"
(


"1. .\7]O)$"nhu
(
1mh)%.\2ge185.5e'23*)c./ H-5."J,
/ m-1" c7]"1. 2M"/ )#*) .571 u]2 ffiq
(
-nv
RffS ffS  cS	IY b 8 YT b YEZ
E 

@



71N;u
(
/ 8E1m L1"_m-2* "1)O.571;J 2W)%.

,c,p8 ffi,*4(J2gn!"1.\/ ffi,]"
(
)8 / .%8-7"c7'/ 8'7O "1)
"
(
)5.\71231"])5,k47J2 n+^.88'7 -)#|/ .h"1) "J,ky'"Jnu
(
x/L,.571km-*)#826/Gu*.0/ ,:'4.\7]^ffi_ffJfiflJfl
"uu12J"_8'7Cv y`'2} w f"J,*.O.8|H=/ _"nCJ23Im5.a"/
(
Emm-*)#8'2/Gu*.\/ ,|",]m"J,]"
( &
)5/ )ff-4.57'/ ) 0)P
wA,pH',12M"
(
u]2}K>$n ") )*u
(
/ 8/G,1H / ) "|u12J8E*)a)kq
&
c7'/ 8'7|/G,*.02ffi,E)^"_23pl'8/ )#EmR"J,1mr.\7]plfl,E)
"_23^.571',
(
/ H"1.%Em./4(J2gn.571rnO"1.\e'23^.02M"J,E)#826/LuE.*v

7-/ )u1281*)a)I/ )h81"
(L(
Em
: 
)*u
(
/ 8/L,]HffivwA,

2
&
u]"J,)5n!*) "J,1m`'n!"1./m-E)"
(
)5t"
	fªf¤
*

)*u
(
/ 8/L,]Hkn+E8'7_",-/ )*n / )

,c, c7'/ 8-7/G,.
(
]*)
.\71.\23"J,E)%462 '4 "P¡<=-y-, 42ffinb")*72W.
%
L:
& 

¤ &

ª .\23"J,E)#8'2/Gu*.@ffi,*./O"
u123ElC/ )%.\/L,1Htn 0)
W¡¡!£¡7PLn¡>v

7'/ )t"_m-m=/ .\/ ffi, )#2]*)./)#'u]"_2M"1.aRu
( &
8/ )%.02,-/ 8x.\2M"J,E)#826/Lu*.%)k/L,E.8K/G,1m=/ -/ m?e_"
(
n ")i)r ¡go&v

7]!"_85.5e]"
(
4Ze-,18*.0/ ,E)ffi'4 .\7]!"
(
.a2g,]"1.a+8 ffi,*4(J2gn!"1.\/ ffi,E)6-4 .571 N;u
(
/ 8E1m4L-1"_m-2
"_23
&
5..8kq123K_1"
(
Emffiv
2
 
>


  fi

;,123H
&
2M"J,1H-"& V.
fi
3
	

N 1"_238'7)*u]"_8E 81"J,ffi,'/ 81"
(
)

'nhu12M"1.\e'23 Jh

V"D?v N?.\2ge185.5e'23*)\£¡¬


 ffi@
	
@


  


 

@
CB 

	



  	 

 

ff fi
 0
 5
 10
 15
 20
 25
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of attenuator
Effi@
B
ff 
F   Jmi"
(
/ m"1.0/ ,Iu
(
'.4(J2 u-71>N >$u-71

> ) .Z.a',-e]"1./J2&v
2
@  @fi  c@fi
% 

 



 
@

 Hnue*.a"1.\/ ffi,r",]mu
(
-.Z.\/L,]H '4+.\7]u]"/z2/ )#|m=/ )%.#"J,18E*)
4(J2
 [

YXSZ_[
"J,1m
]}
H"].\71 m=/ )%.a"J,181ku
(
-.)!)*7c,k/L, ffi/ H?e'23Q vED v

7]pu
(
'.%)!)*7 .#$
8
(
ffie1m')fi'4u?/G,*.)+.57]"1. "2}^231"])5,]"Jq
( &
)#'u]"_2M"1.%1mL *)*u]E8/ "
(L( &
/L,h.571^u
(
'.c472
 [
v

71pu 2
u12W4(J2gn!"J,18E9-4
YXSZ_[
/G,+.57'/ )81"])#n!"
&
q1+me1+.8h.571+46"_85. .57]"1.d"
(L(
)%.02ge185.5e'23*)!/L,+.571!)$"nhu
(

8 nhu126/ )#ffi,
( &
,1q-e*.^,'.
.571I)$"Jn!x7]"/z2gu'/G,Jv O,]ru]"2X.M-4.571p)%.02ge18*.\e'23k)$"Jnu
(
 7_"1) "
7]"/z2gu'/L,k8 ffinu]2/ )5/L,1H~,11"_2
( &
.\7]^8 nhu
(
*.%t)#2?e1',181"c7'/
(
x/G,t.571
'.5712 u]"2X.+.\7]x7]"/z2gu'/G, / )
)*n!"
(z(
2`"J,1m )*7-/ 4M.aEm ./f"_23m') .571 <=?>Z',1m v
 

fi 

fi fi fi

 

ff fi 4
*)*u-/ .at.571kuJ2u12W4(J2gn!"J,181O'4
 XSZ_[
 w e1)#Em|/ .
"1)C 
(L(
"])
 [
",]m
]}
472?.5718
(
eE)%.a26/L,]H{",]m 8 ffi,E)#',E)*eE) 81"
(
8-e
(
"1.\/ ,)%.a'u%-4 _Jfffiffiflfl=v6ffi/ H?e-2}6 v Afl¬ m'u'/ 8*.)
.\71 u]23Em=/ 85.%1mI8 ffi,E)#',E)*eE)c)%.\2ge185.5e'23*) +
fi
Td"J,1m
fi

,5v

71
&
)*7 HJmt8 J223*)*u,1m--,18E./.571
lCu126/Gn+',*.#"
(z( &
]26/ JffiEmx)%.\26e]85.\e-2}E) +P`T ",]m|P

 )#1Pffi/ H?e'23ONvAA-,5v

7];,
( &
m=/ 4 23',18Er/ )
.\71In{/ )a)5/L,1Ht)*nO"
(z(
7]"/L26u-/L,t"E. .571¡<=?>Z',]mO'4
fi

v

71^231"])5,h4(J2 .\7'/ )O/ ) N.57]"1..57'/ )
7]"/z2gu'/L,p/ )
e-,E)%.#"q
(
I/L,{.a2gn ) -4f',]23H
&
 / vGv+/ .O7]"]){u)5/ .\/ ]h',123H
&
'4&

81"
(?B
nC
(
c7'/ 8'7pu]23K]',E.)
/ .%)u]23Em=/ 85.0/ , c71',k231"Ju-u
( &
/L,1Hr.5714(
(
m=/G,1H"
(
H26/ .\7-n vff)
(
.57ffie1H?7^.57'/ )h/ )
',e]H?7pK/ m-',]8E
.8)*e-qE)%.#"J,*.0/ "1.%I.\7_"E.!ffJfiflfl )*e]8E8EEEmEm|4(J2 .571N u
(
/ 8EEm L-]"]m2  "O_"
(
/ m"1.\/ ,/ ))%.0/
(z(
'4
/L,*.a23*)%.Ev N;/L,181.\7]d4e-,185.\/ ffi,E) '4 .571c"
(
.%'26,_"E.\/L,]H{8 ,E4(J2gn!"1.0/ ,E)d"_23!e-,

,c,J.57123!23'n!"/L,
)5n+Omffie-q*.%) ,!.571O)8/ .a8'7'/L,]H ,]"1.5e'23 '4`.57'/ )   0) v
 

fi 

fi fi fi

 
	
    

A@
 
@

 N;/L,18E .571c"J,]"
( &
)#E) 47J2ffi.571m=/ 4 '2}-,*. m?/ )%.#",]8EOn+1"])*e'23*)
"
(L(
m-
(
/ _23Em.\71^)$"n!p2}E)*e
(
.%)  .571Q_"
(
/ m"1.0/ ,7]"])O.8Rq]xu12W4(J2gn+1m3$aeE)%.9,181v

71;ffie*. >
8 n!|/ ) )*7c,R/L,x.571"
(
/ m"1.\/ ffi,u
(
-.p/G, ffi/ H?e-2}PNvA]« "J,1m8 ffi,.J 2gn ).\7]u123Em=/ 85.\/ ,"])^"
8 ,*47J26nO"1.0/ ,]"
(
)8/ .%8'7Cv

71 ,/.10243]S57682Q'4 .571
8 ffi,E)#',E)*e1) )%.02ge18*.\e'23*)O/ ):=<Nv
  ffi@
	
@


 


 
 
@
CB

 



 
	 

 
	
   fi $ffi
 0
 50
 100
 150
 200
 250
 0  2  4  6  8  10  12  14  16
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of spliced leader
& 
 [
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 100
 0  2  4  6  8  10  12  14  16
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of spliced leader
(' 
XSZS[
Effi@
B
   
F   J
4
/ )%.#",]8Etu
(
'.%)47J2^N u
(
/ 8EEm L-1"_m-2v
 
 ffi@
	
@


  


 

@
CB 

	



  	 

 

ff fi
A
A
C
UA
A
AA
C
A
A
U
UU
U
U
G
A
A
G
A
A
C
A
G
U
U U
C
U
G
U
A
C
U
U
C
A U
U
G
G
UA
U
G
U
A
G
A
G A
C
U
UC
 
T
A
AC
UAAAAC
A
A
U
U
U
U
UG A A G A
AC
A G U U U C U G U A C U
U C A
U
UGG
UA
UGUA
GA
GA
CU
U
C
(' 

Effi@
B
ff 
FIH
 
J  ffi,E)#',E)*e1)c)%.02ge185.5e'23*)c47J2^N u
(
/ 8EEm L-1"_m-2dq]"])#Em
ffi,
 [

 XSZ_[
"J,1m
]}
v
A
A
C
UA
A
AA
C
A
A
U
UU
U
U
G
A
A
G
A
A
C
A
G
U
U U
C
U
G
U
A
C
U
U
C
A U
U
G
G
UA
U
G
U
A
G
A
G A
C
U
UC
&
T
AACUA
AA
A
CA
A
U U U U U G
A
A
G A A C
A G U U U C U G U A C U
U C A
U
UGG
UA
UGUA
GA
GA
CU
U
C
C'$

Effi@
B
   
FIH HKJ Cu126/Ln!',*.#"
(z( &
]26/ JffiEm )%.\2ge185.5e'23*)M+P`Td"J,1mpP

, 472 N u
(
/ 8EEm L1"_m-2v
  ffi@
	
@


 


 
 
@
CB

 



 
	 

 
	
   fi 

 0
 2
 4
 6
 8
 10
 12
 14
 0  2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of spliced leader
& 
 [
Effi@
B
   
FIH  J mi"
(
/ m"1.\/ ffi,Iu
(
'.47J2^N u
(
/ 8EEm L-1"_m-2v
RffS ffS,   Y 7Z5 ]4 YEX1 [Z\a:#DC 	TXT7Z\aX
E 0@	

71pn!"1.\e-23"1.\/ ffi,ff'4cu]23 >  0)[/G,.
(
]*) .\71 8'/ )5/ ffi,
'4 /L,*.\2,E)1v wA,H-',1'23"
(
.571
 8/ )5/ , '4 /G,*.02ffi,E) / ) u12W472gn!EmRq
&
)*n!"
(z(
,-e18
(
1"_2 2/Gq,e18
(
u]2 -.%'/L,E) +g)*,  d ) ,K;)*e18'7"1)
/L,|n ")l)*u
(
/ 8/L,]HffivwA,I.\7181"])# '4
u123 >#2   0)[.\71p)*u
(
/ 8/G,1H 8E8-e'2})p/G,I.571"q1)#',18E -4c"J,
&
u12'.a/G,E)f"J,1m+8 e
(
mq]d)*7c,d./{q1 u12W4(J2gn+1m{q
&
.\7]c/L,E.02,1) .571'n )#
(
]*)1v

71 q1*)%. 8'7]"_2M"_8 >
.%26/ )#Emtn+-nq12'4 .571*)#)#
(
4>)*u
(
/ 8/G,1HhH?2 ffie-uhwJ/G,*.02ffi,E) / )f.\7_"E.@'4


	
ffi

*
 	
ffi



%
ffi


-v
 ;E8 JH?,'/ .0/ ,ff-4 .571<=ffi)*u
(
/ 8E{)5/ .%23 2?e-/z23*)q_"1)# u_"-/L26/L,1Hrq15.# E-,^,-e18
(
 '.\/ m*)!"1.d.571
',1mO'4
.\71<=? fl,
",]m
.571
/G,*.%'26,_"
(
He'/ m-!)# 2e1',18E
+0w UCN ,@'4 .\7]
/L,E.02,Cv

71 3A )*u
(
/ 81+)5/ .%71
(
/ 
m8

)h/L,*./r"t8
(
54./L, .571 81"1.#"
( &
.\/ 8t8 J23
'4 .571p/L,*.\2,Jvkw,u]23 >#2  0) )  8 ,*.#"/L,'/G,1H,_"E.5e'2M"
(

PgNK2   0)  -ffi,)#2?e1',181*) `)*u
(
/ 8Et)5/ .%p23E8 JH?,'/ .0/ , / )/G,-7'/Gq'/ .aEmRq
&
",t"
(
.a2g,]"1.0/ ]x7]"/L26u-/L,
81"
(z(
1m"+(> A ,K .\7_"E./ )+8,E)#2]1m/L,.571n!"1.\e-2}

P)N 2  0)v

7] !=;)5/ m-Q'4+"+(> A-,+/G,.
(
]*)
.\71!)$"Jn+h,-e18
(
 -.0/ m-*)I-4`.\71!=ffi fl,!.\7_"E."
(
)5xq]"])#u]"/z2H/ .57O.\71tw UCN v ) )"t23*)*e
(
.  "+(> A ,
m=/z23E85.
( &
8nu]5.%E)'/ .57 4(J2gn!"1.\/ , -4N.571
3A )*u
(
/ 8E)5/ .%!71
(
/ v

7'/ )
(
]"]m-) ./+.#$
"
(
.a2g,]"1.0/ ]
u123 >#2  ")8 ,*47J26nO"1.0/ ,E) "J,h/L,]"_85.\/ ]!47J26n .57]"1.8 ,*.#"/L,E){"+7> A , ffi"J,1mt"J,
"]8*.0/ ]+4(J2gn .57]"1.
/L,18
(
e1m-*)3A
"J,1m/ )c8 ffinu15.a',*..8 )#
(
4>)*u
(
/ 81fifffl Dffiv
! #" >%$

$"&

;,123H
&
2M"J,1H-# :Vfl'.
fi
3
	

N 1"_238'7)*u]"_8E( 81"J,ffi,'/ 81"
(
)

'nhu12M"1.\e'23(*)Jh

V" ?v N?.\2ge185.5e'23*)*#+
   "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
! 
@
"
 @
& $
c@
&

 

$  

	 
0@	
w,8]"1)#
-4 .\7] 


	



*
tH?2 ffie-urw /L,*.\2, ffi_JfffiflJfl
u12me18EEm.571^m=/ )%.a"J,18Eru
(
-.)hm=/ )*u
(
"
&
EmR/G,ffi/ H?e'23 NvA )Nv '.57ru
(
'.%)
)*7 .#$ 8
(
eE)%.%'2W)N'4
u?/G,*.)ffic7'/ 8'7h"_23G 
(z(
)#'u_"_2M"E.aEmL;"])+/ . / )c Cu1E8*.%Em^4(J2 )*e]8'7h"J,  0)v

	
& $

&#&&

"
 
"$&

71 8
(
eE)%.a26/L,]H )%.a'uM "1)hu12W4(J2gn+1m4(J2 "
(z(
.57'23Etm=/ )%.a"J,18Ekn!1" >
)*e'23*)1v

71
)*e-qE)#2?e1',*. 8]"
(
8'e
(
"E.\/ ffi,N-4 .571{8 ffi,E)#',E)*eE)+)%.02ge18*.\e'23*)
(
1"_mk/G,h"
(z(
.57'23E8]"1)#E).8
.\71h)$"Jn+!.#$8 ffi,*4(J2gn!"1.\/ ,1) )*7c,I/G,ffi/ H?e'23NNvA. v

7]hm=/ 4 23',181*) q15.# E-,)%.\2ge185.5e'23*)
fi
T"J,1m
fi

"_23tn!"/L,
( &
"1..571 )<=?>Z',]mLc7123/ .\7]2',1M2 .57'23E^7_"-/L2gu'/L,E)O"_23tu]2}E)#',*.Ev

7'/ )
2}E)#'nq
(
*)
.571I J/ )%.a',18E '4/ .5712d.571r'A +"_85.\/ ] ,fi2 .5713+(> A ,M+%/G,]"_85.0/ ] , 7]"/z2gu'/L,Cv

71
8 J223E8*. "])a)5/ H,-n+',E.$'4 .571
3A",]m .571O"+(> A-,f7]"/z2gu'/G,E) ./ .5718 ffi,E)#',E)*eE) )%.\2ge185.5e'23*)/ )2M"E.5712
)*e-q*.
(
 "1)wffi8 e
(
m,'.ffiJ;,1mI")%.\2ge185.5e'23InGm-
(
c7'/ 8'7"
(
)5H=/ ]*) .571
)#2?e1',181ku-)5/ .0/ ,E)fi'4
.\71E)#t7]"/z2gu'/G,E)1v flJ2 .\7'/ )!2}]"1)5ffi,t/ . / )c*)a)#',*.\/ "
(
.8xu]2W4(J2gn .\71G"
(
/ m"1.\/ ffi,{)%.%-uJv

	
& $

&#&&

"

 "$
 
 
@
 
0@	
 "/L2 / )#{8 nhu]"_26/ )5ffi,ff-4
fi
T"J,1m
fi

.8I"
(L(
)%.\26e]85.\e-2}E)
/L,
.\71 )$"Jnhu
(
23*)*e
(
.aEm{/L,d" _"
(
/ m"1.\/ ,cu
(
'. +g)#E ffi/ H?e-2}*NvA  , 7
(
m=/L,1H .#$!231"])5,]"Jq
( &
)#'u]"23"1.aEm
8
(
ffie1m') '4 u?/L,E.)1v  ffinq'/G,]"1.0/ ,/L,E.8r" uE)#'e1m

,'./ )e-,
(
/


( &
"]),I.102g3]S75682 2e]"
(
)9R4< v

JH-5.5712 / .57.571 m=/ )%.#"J,18Eu
(
'.%) .57'/ )I_"
(
/ m"1.0/ ,I"Ju-u]2 ]*)!.571)8/ .%8'7-/L,1Hu]2u12W.
&
-4f.571
.%5.\2M"J7
&
n+-,]"{H=2ffie-uwffi/L,E.02,Cv
RffS ffS-R  CgU c Y b YEZ
E

0@	

71r4Ze
(L(
>
(
',1H.57Łydw m3> A  0) )#2]*)q'.57"1)rn+*)a)#',]H-2  0) +an  0)1,"J,1m
"1)I.\7] -/L23"
(
H--,n!v

71 e-,*.\23"J,E)
(
"1.%Em
(
1"_m-29'4!.\7-/ )   0)s81"_2626/ *)k)#K]'23"
(
23EH?e
(
"1.8J2
&

(
'n!',*.%)1v

71/z2 2}1H?e
(
"1./J2
&
4e-,185.\/ ffi,E)8]",|q1 2 ffie1H?7
( &
)*e-q1m=/ -/ m-1m /L,*./.#$rH=2ffie-uE)23EH >
e
(
"1.\/ , '4H--,1^ Cu]23*)a)5/ ffi,:+g.02M"J,E)#826/LuE.0/ , .\2M"J,E)
(
"1.\/ ,  5.a8v ,K"J,1m-/L2/ ,K>"])a)5J8/ "1.aEm 4e-,18 >
.0/ ,E)Q+&m=/Gn+26/ 1"1.\/ ffi, 2}.]2})#.02M"J,E)#826/Gu*.0/ ,i5.%8Jv ,*v L"JqJ2/ eE){ Cu126/Ln!',*.%) q
&
y e*.57 4"J,1m
 2

7ffie*. ff P(+ ffi )*7 Emh.57]"1. .\7'/ )m?e_"
(
,_"E.5e'23OHE) u]"_2M"
(z(

(
/ .57+.#$"
(
.%2g,]"1.\/L,1Ht8,*472gnO".>
.0/ ,E)  "q12M"J,18'7]Em^)%.\2ge185.5e'23
+P

,"J,1mt" nCJ23+)%.a"Jq
(
+)%.\2ge185.5e'23
+P`T ,@c7'/ 8'7tn!"/L,
( &
8,E)5/ )%.)
'4 .#$^"_m"_8E-,*.!7]
(
/ 8E*)1v
! #" >%$

$"&

;,123H
&
2M"J,1H-# R$.
fi
3
	

N 1"_238'7)*u]"_8E( 81"J,ffi,'/ 81"
(
)M+%2354(
(
m-1m ,

'nhu12M"1.\e'23(*)Jh

V" ?v N?.\2ge185.5e'23*) A+#+
! 
@
"
 @
& $
c@
&

 

$   

	 
0@	
N"/z2/ )#8 nhu]"_26/ )5ffi,:-4O"
(z(
)%.02ge185.5e'23*)/L,x.571r)$"nhu
(

",]mH',12M"1.0/ ,O-4 .\7]hm=/ )%.a"J,181ku
(
-.)!)*7c,k/L,  / H?e'23
 v A@P23K]1"
(
)!.571 J/ )%.a',181;'4 .#$
)%.02ge185.5e'2M"
(z( &
m=/ )a)5/Ln/
(
"2C4g"Jn{/
(
/ *)f/G, .\7] )$"Jnu
(
v

71
&
"_23  
(L(
)#'u_"_2M"E.aEm{/L, .a2gn )0'4ffi)%.\2ge185.5e'23
+64(J2
 [
"J,1m
YX=Z_[
,"])% 
(L(
"]) /G,O.%2gn+)6-4i',123H
&
q_"_262/ 2v
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&

 
 0
 50
 100
 150
 200
 250
 300
 0  2  4  6  8  10  12  14  16  18  20
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of tetrahymena group I intron
& 
 [
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 200
 0  2  4  6  8  10  12  14  16  18  20
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of tetrahymena group I intron
(' 
XSZS[
Effi@
B "$

FIHff J
4
/ )%.#"J,18Etu
(
'.%) 4(J2 .%5.\2M"J7
&
n+-,]"{H=2ffie-uwffi/L,E.02,Cv
ffi+ 
 "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
G
AUUUCUGCCCAG
UGCUCU
GAAU
GUCAA
A
G U
G A CG
CAAU
U
C
A A C C
A
A
G
C G
C
G G
G U
A A A
C
G G
C G
G G
A G
UAACUA
UG
AC
U C
U C
U A
A A U A G
C
A
A
U
AU
UUA
C
C
UUUGGAGGG
 
T
GAUU
U
C
UGCCCAGUGCUCUGAAUGUCAA
A
G U
G A CGCAA U
U C AACCA
A G C
G C G
G G U
A
A
A C G G C
GGG A G U
A
A C U
A
UGAC
UC
UC
U
A A
A U
A G
C
AA
UAUUUA
C
C
U U
UGG
A
G
GG
('  

E @
B "$

FIH

JH,E)#-,E)*eE) )%.\2ge185.5e'23*)4(J2 .%5.\2M"J7
&
n+-,]"{H=2ffie-uwffi/L,E.02,Cv
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of tetrahymena group I intron
& 
 [
Effi@
B "$

FIH
ffi
J mi"
(
/ m"1.\/ ffi,Iu
(
'.47J2 .a5.\23"J7
&
n+',]"H=2e-ukwffi/L,*.\2,Jv
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&
ffi
H
 0
 500
 1000
 1500
 2000
 2500
 0  5  10  15  20  25  30  35  40  45
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of HIV1 leader
& 
 [
 0
 100
 200
 300
 400
 500
 600
 0  5  10  15  20  25  30  35  40  45
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of HIV1 leader
(' 
XSZS[
Effi@
B "$

FIH  J
4
/ )%.#",]8E^u
(
'.%) 4(J2 yw mffiA
(
1"_m-2v
ffi   "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
G
G
U
CU
CU
C
U
GG
U
U
A
GA
C
C
A
G
AUU
G
A
G
C
C
UGG
G
A G
C
U
C
U
C
U
G
G
C
U
A
A
C
U
G G
G
A
A
C C
C
A C
U
G C
U
UAAG
C
C
U
CAA
U
A
A A G
C
U
U
G
C
C
U U
G
A G
U
G
C
U
U
C
AAG
U
A
GU
G
U G U
GCC
C G
UC
UGUUGUGU
G
A CU
C
U
G
G
UAAC
UAG
A
G
A
U C
C
C
U
CA G
ACCCUUUU
A
G
U
C
A
G U
G
U
G
G
A
A
A A
U
CU
C
U
AG
C
A
GU
G
G
CG
C C C
G A A
CAG
GG A
C
U
U
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
G
G A
G C
U
CU
CUCGA
CG
CA
GG
A
C
UCG
GC
U
U
G
C
U
G
A
A
G
C
G
C
GC
A
CG
G
C
A
A
G
A
G
G
C
G
A
G
GG
G
A
&  
T
G
G
U
C
U
C
U
CUG
G
U
U
A
GA
C
C
A
G
AUU
G
A
G
C
C
UGG
G
A G
C
U
C
U
C
U
G
G
C
U
A
A
C
U
GGGAACCCACUGCUUAAGCCUCAA
UAAA
G
C
U U G C
C
U U G A
GUG C
U UCA A
G U A G
U G UG
U GC
C C
G U C U
G U U G U G U G
A C
U
C
U
G
G
UAAC
UAG
A
G
A
U C
C
C
U
CA G
ACCCUUUU
A
G
U
C
A
G U
G
U
G
G
A
A
A A
U
CU
C
U
AG
C
A
GU
G
G
CG
C C C
G A A
CAG
GG A
C
U
U
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
GG
AG
CUC
UCU
CG
ACG
CA
GG A
C
U
CGG
CUUGCUGAAGCGCGCA
CGG
CA
A
GAG
GC
G
A
G
G
G
G
A
C'$  

Effi@
B "$

FIHg J  ffi,E)#',E)*e1)c)%.02ge185.5e'23*)c47J2 ydw mffiA
(
1"_m-2 q]"])#Em;ffi,
 [
v

	
& $

&#& &

"
 
"$&

71RH m 23*)*e
(
.)|23
 
E85.aEmb/G,|.\71m=/ )%.a"J,181u
(
-.))*7ffie
(
mH?/ ]
2/ )#
./
 
(z(
>ZmKJ;,1Emx"J,1mx2M"1.5712im=/ )a)5/Ln{/
(
"_2i8,E)#',1)*eE)+)%.\2ge185.5e'23*)1v6)i)c)*7c,I/L, ffi/ H?e'23M vAE
8 ,E)#-,E)*eE)d)%.\2ge185.5e'23
fi
T / )q]"])5/ 81"
(z( &
8 nhu-)#Em9-4;.#${"_m"_8E',E. 71
(
/ 81*)  c71231"])
fi

)*7 )d"
nCJ23q]2M"J,18'71EmO"Ju-u11"23"J,181v Hnhu]"_26/ )5ffi, '4.571u]2}1m=/ 85.aEmI/ .57 .\71  Cu126/Ln!',*.#"
(z( &
m-Em?e181Em
)%.02ge185.5e'23*) +g)#1Qffi/ H?e'23fiNvA8o ,d)*7 ).57]"1.
fi
T / ) ,]1"_2
( &
 2e]"
(
.8IP`T "J,1mh.57]"1.
fi

)*7 )H m
8 J223*)*u,1m--,18Er.8RP

v

71m=/ 4 '2}-,18E*)kn!"
&
"_26/ )#I42n "_2W.%54g"_85.)hm?e'26/L,1H|.571p8 ,E)#-,E)*eE)
)%.02ge185.5e'2381"
(
8'e
(
"1.0/ ,=vGHffivi" q_"1)# u]"/z2Lc7'/ 8'7+/ ) u]"_2W.3'4 ,16'4 .\7] ,]"1.\/ ]8 ,*47J26nO"1.0/ ,E)fm=/ m
,'. "Ju-u11"2/L,.\7]^n!"  J26/ .
&
-4 .571)%.02ge185.5e'23*)1v  eE.c.\71
&
n!"
&
"
(
)5
(
/ M / .\7-/L,  Cu126/Gn+',*.#"
(
"_2W.%54g"_85.) -"])  Cu1'2/Gn+',E.a"
(
m"1.#""
(
 "
&
)
(
1"]*) )#8 ffiu1f4(J2N/L,*.a2gu]2}*.a"1.\/ ,+q
&
.571  Cu]26/Ln+-,*.%'2&v
wA,%J23m-2 .8O"Ju-u]2 ].\71*-/ "q-/
(
/ .
&
-4 .571)%.02ge185.5e'23*)u]2}1m=/ 85.aEm q
&
ffi_JfffiflJflhw]"Ju-u
(
/ 1m .571 eE)*e]"
(
_"
(
/ mJ"E.\/ ffi,^u]2 J8EEm?e-2}Jv

	
& $

&#& &

" 
 
"$
 
 
@
 
0@	

71 _"
(
/ m"1.\/ ,:'4+.\71r8 ,E)#-,E)*eE)I)%.\2ge185.5e'23*)^47J2 .571
(
1"_m-2 -4+ydw m'> Ap2}E)*e
(
.aEm/G, .\71u
(
'.Om-'u'/ 85.%1mR/L,Pffi/ H?e'23
NvADffivw . 8
(
1"_2
( &
)*7 )!.#$  
(z(
>
)#'u]"_2M"1.%1mI8
(
eE)%.%'2W)  n!1"J,'/L,1H.57]"1. / 4 "
)%.\2ge185.5e'23M'4`.571O)$"Jnu
(
 7]"])c"t7'/ H?7
]}
./
fi
T/ . 7_"1)
"
(

]}
.8
fi

 ",]mM/ 8EI]2})$"=v  "
(
8'e
(
"1.0/ , '4 ,/.10243]S57682
&
/ 
(
m')I:v

H-5.5712H/ .57 .571
e*.a8 n!9'4`.571 u]2}.-/ ffieE)c)%.%-uE) .\71G"
(
/ m"1.\/ ffi,"uu12fl_*).\7] u'.a',*.\/ "
(
-4`.\7]^ydw m'> A
(
1"_m-2
.8)#2]+"])"!8 ,E4(J2gn!"1.0/ ,]"
(
)8/ .a8'7Jv6=e'2W.5712gnCJ23?.571
%
 
*

:
/ ) /L, H m8 J262}E)*u,1m',18E
.8.571t Cu]26/Ln+-,*.a"
(L( &
m-26/ ]Em )%.\2ge185.5e'23*)  ,-.# / .\71)%.a"J,1m=/G,1Hr.\71h4g"]8*. .\7_"E. .\71E)#kn{/ H7*.q1
)
(
/ H7*.
( &
/L,]8 J223E8*.+",]m.\71
%
 
*

:
8 J223E8*.*v
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&
ffi

G
G
U
CU
CU
C
U
G
G
U
U
A
GA
C
C
A
G
AUU
G
A
G
C
C
UGG
G
A G
C
U
C
U
C
U
G
G
C
U
A
A
C
U
G
G
G
A
A
C C
C
A C
U
G C
U
UAAG
C
C
U
CAA
U
A
A A G
C
U
U
G
C
C
U U
G
A G
U
G
C
U
U
C
AAG
U
A
GU
G
U G U
GCC
C G
UC
UG
U
U
G
U G
U
G
A C
U
C
U
G
G
UAACUAG
A
G
A
U C
C
C
U
CA G
ACCCUUUU
A
G
U
C
A
G U
G
U
G
G
A
A
A A
U
CU
C
U
AG
C
A
GU
G
G
CG
C C C
G A A
CAG
GG A
C
U
U
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
G
G
AG
CU
CU
CUC
G
A
CGC
AG
GA
C
UCG
GC
U
U
G
C
U
G
A
A
G
C
G
C
GC
A
CG
G
C
A
A
G
A
G
G
C
G
A
G
GG
G
A

T
G
G
UC
U
CU
C
U
G
G
U
U
A
GA
C
C
A
G
AUU
G
A
G
C
C
UGG
G
A G
C
U
C
U
C
U
G
G
C
U
A
A
C
U
G
G
G
A
A
C
C
CACUGCUUAAGCCUCAA
UAAA
G
C
U U G C
C
U U G A
GUG C
U UCA A
G U A G
U GUG UG
C C C
G U C
U GUU
G UGUG
A C
U
C
U
G
G
UAAC
UAG
A
G
A
U C
C
C
U
CA G
ACCCUUUU
A
G
U
C
A
G U
G
U
G
G
A
A
A A
U
CU
C
U
AG
C
A
GU
G
G
CG
C C C
G A A
CAG
GG A
C
U
U
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
G
G A
G C
U
CU
CUCGAC
GC
A
GG
AC
UC
GGC
U
U
G
C
U
G A A
G
C
GCG
C
A
C
G
G
C
A
A
GAGGCGA
GGG
G
A
('$

Effi@
B "$

FIH   J  Cu]26/Ln+-,*.a"
(L( &
m-Eme18EEmp)%.02ge18*.\e'23*)ff+P T5 P

, 4(J2dydw m'> A
(
1"_m-2v
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HIV1 leader
E @
B "$

FIH   J mi"
(
/ m"1.0/ ,pu
(
-.4(J2dydw m A
(
1"_m-'2&v
ffi
 "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
RffS ffS   W SIacS	0	n_ c YdbCY^Z
E

0@	

71 <=?>
F

  -4 
9d:
 

	 


"c7'/ 8-7 ',18 Jm-*)t472c"u]2 -.%'/L,P-4c.\71p.57'/ "Jn/L,1
q'/ )
&
,*.5715.\/ 8u]"1.\7. "
&
 7
(
m-)h" n!'nq]2@-4.571^8
(
"1)a) -4+n!5.a"Jq
(
/ .%t)#-,E)5/L,1H26/Lq)8 / .%8-71*)1v
^/L,
_(
2 5."
(
v ffA ffi )*7 Em.57]"1.	 


.\23"J,E)
(
"1.0/ ,]"
(
4ZeE)5/ , 8 ffi,E)%.02ge18*.)^ =7'/Lq'/ ..57'/ "Jn/L,1 >
m-'u1',]m-',*.c)*e-u-u]23*)a)5/ ffi,c71231"]).02M"J,E)#826/LuE.0/ ,]"
(
4ZeE)5/ ,E)cm,-.*v')K)%.02ge185.5e'23 >$u]2q'/G,1H|u12->
8E*)a)x23K]]"
(
EmR.57]"1. 	 


(
1"_m-'2  0)e,1m-23HJ*)p)%.\2ge185.5e'23nGm?e
(
"1.0/ ,~eu,q-/L,1m=/G,1H'4
)*u1E8/ Jffi8
(
/ HJ",]m') N)*e18'7{"])d.57'/ "Jn{/G,1O",]m.57'/ "n/L,1hu
&
2u-7)*u-7]"1.aO+

  ,5v

7]O"Je*.57J2})Ou12->
u-)#r"~n+18'7]"J,'/ )*n c71'2}

 !>$q-/L,1m=/G,1HR./.571  ")
(
1"_m') ./.571k)# 2?e1E)%.02M"1.0/ , '4 .571
N
4
)#2?e1',181 c7'/ 8-7/ )t23 2?e'/L23Em./ q]re-,u]"/z23Em|4(J2=Mt8'/ ',*..02M"J,E)
(
"1.\/ ffi,/L,|u12

"_2
&
-.%*)1v
F
u,t.57'/ "Jn/L,1 )%.#"_2_"1.0/ ,t.571   0)lH-5.%)O423EEm",]mr"t)%.\2ge185.5e'2M"
(
231"_262M"J,1H-'n!',*.
(
]"]m-)O.8
"8 ffi,*4(J2gn!"1.\/ ffi,t/L,fic7'/ 8'7
.571N
4
)# 2?e]',18EI/ )Oe-,-u_"-/L23Emffiv

7'/ )-,]"Jq
(
*){2/Gq-)5ffin+{-,*.02
&
"J,1m
.02M"J,E)
(
"1.\/ ffi,ff'4`.571 u]2'.a/L,9c7'/ 8'7t/ )+23 2e'/z23EmI4(J2 .\7'/ "Jn{/L,]hq-/ -)
&
,*.\7]*)5/ )1v
! #" >%$

$"&

;,123H
&
2M"J,1H-#"& V$.
fi
3
	

N 1"_238'7)*u]"_8E( 81"J,ffi,'/ 81"
(
)M+%2354(
(
m-1m ,

'nhu12M"1.\e'23(*)Jh

V" ?v N?.\2ge185.5e'23*) A+#+
! 
@
"
 @
& $
c@
&

 

$   

 
0@	

71|",_"
( &
)5/ )q]"])#Em ffi,~u]"/L2 / )#m=/ )%.a"J,181|8]"
(
8'e
(
"E.\/ ffi,
m*) ,-.!m-
(
/ _2 .\71u]23542623Em2}E)*e
(
.9'4 .#$k)#-u]"_2M"1.%Emr8
(
ffie1m') /L,.571tm=/ )%.a"J,18Eku
(
'.%)
+g)#E
 / H?e'23  v

+ ,*v `K]2W.571
(
*)a) N.\7]23"_23O.#$knO" J2`8
(
e1)%.%2})ffic7'/ 8'7)*7[231"])5,]"Jq
(
{)#'u]"23" >
.0/ ,E)*u1E8/ "
(L( &
q]"])#EmMffi,
 [
?"J,1m
.571
u?/L,E.)c/G,K>$q15.#fE', n{/ H?7*.q] m?e1 .8"_2W.%*46"_85.%) '4 .571
m=/ )%.#"J,18Etn!1"])*e'23*)1v$) u12fl_!4(J2 .57'/ )c8 ffie
(
m q1
"]8-7'/ K_Emk/ 4i.\71C_"
(
/ m"1.\/ ,ff'4 .\7]
8 ,E)#-,E)*eE)
)%.02ge185.5e'23*) m
(
/ ]2})+"tu-)5/ .\/ _2}E)*e
(
.Ev

	
& $

&#& &

"

 "$& )i)h.\71 "J,]"
( &
)5/ )
'4
 [
m-
(
/ _23Emq1*.Z.a2O23*)*e
(
.%)rwfeE)#Em|.57'/ )h47J2
.\71k)*eqE)# 2?e1-,*.t)%.%'u1)1v 
(
eE)%.a26/L,1H ",]mR8 ,E)#-,E)*eE)t)%.\26e]85.\e-2}r81"
(
8'e
(
"1.0/ ,
&
/ 
(
m-Em.571.#$
8 ,*47J26nO"1.0/ ,E))*7c,/G, ffi/ H?e'23Nv

AJv =2 ffin .571*)# ,
( &
fi
T{/ )^/G,8 J2623*)*uffi,1m-',181 ./ ,1
'4 .571ku-e-q
(
/ )*711mr8 ffi,*4(J2gn!"1.\/ ,1)1v ) nG23 m-5.#"/
(
Emr"J,]"
( &
)5/ )9'4 .571u-e-q
(
/ )*71Em| Cu]26/Ln+-,*.)
)*7 Emx.57]"1. .571*)#x2}E)*e
(
.%){8 e
(
m"
(
)5q1t =u
(
"/L,]Em / .\7 .571^8 ffi,*4(J2gn!"1.\/ ffi,E)tu123Em?/ 85.aEm q
&
_Jfffiffiflfl=v ?e'2W.\71'26nGJ2}.\7]',]23H
&
m=/ 4 '2}-,18E -4+.571:26/ H=/L,]"
(
8 ,*47J26nO"1.0/ ,E)r/ ) /G,r.571
23"J,1HP'4 :|./ :	

81"
(FB
nC
(
 c71231"])t.571,1K
( &
u123Em?/ 85.aEm )%.02ge185.5e'23*)Im?/ 4 2+"Ju-u]2 ?v>&

81"
(FB
nC
(
/G,423Ec',]23H
&
v V^2&v `231"

'2#C.571c8 J2623*)*uffi,1m=/L,]H "Je*.57J2 '4 .571Ou-e-q
(
/ 81"1.\/ ffi,Gffi,.571
8'7]"_2M"_85.a26/ )$"1.0/ ,I-4 .57'/ V
(
1"_m-2 ="]H?2}1*) .57]"1. .\71'/z2 u]23Em=/ 8*.%Em
8,*472gnO"E.\/ ffi,E)f"2} aeE)%.dnCJm-
(
)
",]m.\7]"1.d.57123*)*e
(
.)O23'u2W.aEm 7]23{8 e
(
mp"])% 
(L(
q1
8 J2623E85. +au12})5ffi,]"
(
8 ffinnhe-,'/ 8]"E.\/ ffi,-,5v

	
& $

&#&&

"
 
"$
 
 
@
 
0@	
wA,fiJ23m-2 .8H-5.d4e'2W.\7]2 .-/ m--,18EO472 .\71u
(
"JeE)5/Lq'/
(
/ .
&
'4
.\71
%
 
*

:
.571;"
(
/ m"1.\/ ffi,)%.a'u f"])^u1'2X47J26n!Emffiv  "
(
8'e
(
"E.\/ ffi, '4 ,/. 0 243]S5768223*)*e
(
.aEm /L,

 v

719"
(
/ m"1.\/ ffi,pu
(
'.O/L,  / H?e'23NNv
(
)*7 )c.57]"1.+/ .+/ )+"Ju-u12ffiu126/ "1.ah.8ru123*)*e-n!
.57]"1..571
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&
ffiffi
 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 1800
 0  5  10  15  20  25  30  35  40
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of thiM leader
& 
 [
 0
 200
 400
 600
 800
 1000
 1200
 1400
 0  5  10  15  20  25  30  35  40
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of thiM leader
(' 
XSZS[
Effi@
B "$

F 
 
J
4
/ )%.a"J,181tu
(
-.) 472 .57'/ V
(
1"_m-2v
ffi  "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
GGAACCAAAC
G
A
CUCG
G
G
GUG
C C
C
U
U
C U
G
C
G
U
GA
A
G G
C
UGAGAAAUACCCGU
AUCA
C
C U
G A
U C
UG
GAUAAUG
C
C
A
G
C
G
U
A
G G
G
A
A
G
U
C
A
CG G
A
C
C
A C C
AG
G
U
C
A
U
UG
C
U
U
C
U
U
CA
C
G
UUA
U
G
G
C
A
G
G
A
G
CA
A
A
CU
A
U
G
C
A
A
G
U
C
G A
C
C
U
G
C
U
G G
AUC
C
A
G
CGCAA
&  
T
GGA
A
C
C
A
A
A C GACU
CG
GGG
UG
CCC
UU
C
UGC
G U G A A G GCUGAGAAAU A C C CGUA
U C
AC
C
U
GA
U
C
U
G
GA
U
A A U
G
C
C
A
G C
G
U
A
G
G G
A
A G U
CACG G A C C A C C A G G U CA U U G C U U C U U C A
C G
U
UAUGG
CAGGA
GCA
A
A C
U A
U
GCA
AGUC
GACCUGCUGGAUCC A
G
C
G
C
A
A
C'$  

Effi@
B "$

F *HKJ  ,1)#',E)*eE) )%.\2ge185.5e'23*)4(J2 .\7-/ V
(
1"_m-2 q]"])#Em;ffi,
 [
v
%
 
*

:
23'u]2}E)#',*.c.571O.#$xu-)5/ .\/ ffi,E)I-4 .\7]O.\7-/ V
(
1"_m-2 26/Gq-)8/ .a8'7Jv
4
*)*u'/ .%{.\71
46"_85..57]"1.
.\71h",_"
( &
)5/ )ffi "1) ffi,
( &
)*e]8E8E*)a)%4e
(
eE)5/L,1H
 [
wC.57'/L,

/ . / ) "_m-2?e]"1.%{.8I81"
(z(
.57'/ ) "{)*e1818E*)a)%4Ze
(
",_"
( &
)5/ )1v ) .
(
1"])%./ .fif"])"q
(
I.8~23K]1"
(
"J,p"
(
.a2g,]"1.0/ ])#5. '4 8,*472gnO"E.\/ ffi,E){.57]"1.{8 e
(
m
2}E)#'nq
(
O.571{"
(
.a2g,]"1.0/G,1H^)%.\2ge185.5e'23*) '4 .57'/ ) )8/ .%8'7Cv
RffS ffS    L a c YdbCYEZ a- S #5L	 cS	 4 Y.W
E

0@	
wA,x"]mm=/ .\/ ffi,x.8 26/Lq-)8/ .a8'71*) 2}1H?e
(
"1.\/L,1H -/ .#"Jn{/L,|q'/ -)
&
,*.571*)5/ )   u1)*7*.%'/L,r5.h"
(
v
ff#)ffi )*7 Em.57]"1.t26/Lq)8/ .a8'71*)p"2} "
(
)5 /L,.
(
]1mK/L,x8 ffi,*.02
(
'4+"Jn/L,R"_8/ mKq-/ -)
&
,*.\7]*)5/ ) 
*)*u1E8/ "
(z( &
n+5.57'/ ,'/G,1v ) .
(
1"])%.:A A|.\23"J,E)#8'2/Gu*.\/ ,Łe-,'/ .)|/L,
9 	

	


 
 .57]"1.p"_23KnC)%.
( &
/L,.
(
]1mk/L,
8
&
)%.a/G,1"J,1mn+5.57'/ ,'/G,1
)
&
,*.571*)5/ )  u-)a)#*)a) "
(
1"_m-2 
(
'n+',E.d.\7_"E. /L,18
(
e1m-*) "J,
/L,*.\26/L,E)5/ 8I.\2M"J,E)#826/Lu*.\/ ffi,.%2gn/L,]"1./2  8nu]5.0/G,1H"J,*.\/ >&.a2gn{/G,]"1.8J2  "J,1m"p8,E)#2]1m
(
'n+-,*.
+VN >$q  , .\7]"1.+4Ze-,18*.0/ ,E) "1){"J,I"J,*.\/ >"J,*.\/ .a2gn{/L,_"E./J2v N >"_m-',)
&-(
>$n!5.\7-/ ,-/L,1km=/L2}185.
( &
q'/G,1m')
N >$q   ") ./)%.#"q-/
(
/ )#/ .%)t",E.0/ >",E.0/ .%2gn/L,]"1.\/ ,x)%.\2ge185.5e'23 .57-eE) 81"JeE)5/G,1H.a2gn{/L,_"E.\/ ffi, '4
.\71
(
1"_m-2`.\2M",1)#826/Lu*.Ev
! #" >%$

$"&

;,123H
&
2M"J,1H-# $.
fi
3
	

N 1"_238'7)*u]"_8E( 81"J,ffi,'/ 81"
(
)M+%2354(
(
m-1m ,

'nhu12M"1.\e'23(*)Jh

V" ?v N?.\2ge185.5e'23*) #+
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&
ffi

 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of thiM leader
& 
 [
Effi@
B  "$

F ?  Jmi"
(
/ m"1.0/ ,^u
(
'. 4(J2 .57'/ V
(
]"]m2v
! 
@
"
 @
& $
c@
&

 

$   

	 
0@	

71!m=/ )%.#"J,18Eu
(
-.) /L,
ffi/ H?e'23GNv

)h)*7.571hq1*)%. )#'u]" >
23"1.\/ ffi,wK]2 ',18 ffie-,*.a23EmeE)5/L,]HOfffiffiflfl?v

71)%.02ge18*.\e'23 )$"nhu
(
 )#E-n ) .8 7
(
m
)%.\2ge185.5e'23*)
'4d.#$x46"Jn{/
(
/ E)+.57]"1.O"2}I8
(
1"2
( &
)#'u_"_2M"E.aEm~q
&
"
(
"_23H-p',123H
&
q]"_2626/ 2"J,1m"_23t)%.02ge18*.\e'2M"
(z( &
]2
&
m=/ )a)5/Gn{/
(
"_2v

	
& $

&#& &

" 
 
"$(&

7]8
(
eE)%.a26/L,1H",]mp8 ffi,E)#',E)*e1)!)%.\2ge185.5e'23t81"
(
8'e
(
"1.0/ ,^)%.a'uq]"])#Em
,h'/ .5712
 [

YX=Z_[
J2
]}
1"_8'7hm-
(
/ _23Em.\7]{)$"Jn+
8 ffi,E)#',E)*e1)+)%.\2ge185.5e'23*)Ic7'/ 8'7t"_23H=/ ]',
/L,  / H?e'23QNv

Nv

7]
&
)*7 )5/ H?,'/ Jffi81"J,*.+)%.\2ge185.5e'2M"
(
m=/ )a)5/Gn{/
(
"_26/ .
&
"])
/ .
/ )+ Cu1E85.aEm4Z2 ffin .571
m=/ )%.#"J,18E*)Mffiq*.#"-/G,1EmRq
&
 [
"J,1m
YXSZS[
v

7]xu12ffiq
(
'n / )!.\7_"E.+.\7].%2gn/L,]"1./27]"/z2gu'/G,"1. .571
)<=?>Z',1m / )u]2}E)#',*.I/G,q'.57u123Em=/ 85.aEm8 ffi,E)#',E)*eE)t)%.\2ge185.5e'23*)  )5.57]"1.
.\71E)#x8 ,*47J26nO"1.0/ ,E)
m ,'. 23*)#-nq
(
r.571R"_85.\/ ]R"J,1m/L,]"_85.\/ ]Ku-)5/ .\/ ffi,E) '4
.571)8 / .%8-7Jv `K_2W.\71
(
*)a)  )*e18'7
)%.026/

/G,1Hk23*)*e
(
.)
/Gnu
( &
"
)8/ .a8'7'/G,1H81"Ju]"Jq'/
(
/ .
&
q]5.# E',.\7]*)#8 ffi,*4(J2gn!"1.\/ ffi,E)c)5rw?8 ffi,*.\/L,-e11m
.\71!ffi_JfffiflJfl "J,]"
( &
)5/ )1v

	
& $

&#&&

"

 "$
 
 
@
 
0@	 F
u
.8 , .571"J,]"
( &
)5/ ) 8
(
1"_2
( &
u12ffiu-)#*)O"8,*472gnO".>
.0/ ,]"
(
)8/ .a8'7O"J,1m.57'/ ) / ) "
(
)5)%.\2,1H
( &
)*e-u-uJ2W.%1mkq
&
.\7]
23*)*e
(
.)ffi'4 .\7] _"
(
/ m"1.\/ ,O)*7c,h/L,
 / H?e'23NNv

Nv

7]9_"
(
/ m"1.0/ ,u
(
-.+"])ffi 
(z(
"]) " ,/. 0 243]S57682;'41R &8 ffi,.J 2gn .571^u
(
"JeE)5/Lq'/
(
/ .
&
'4 .571
%
 
*

:
v )i)kq'.578,*472gnO"E.\/ ffi,E)I81"22
&
.571 .%2gn/L,]"1./2
7]"/L26u-/L,.571
%
 
*

:
m*)
,'.{8 J2623*)*u,]m.8r.571rue-q
(
/ )*71EmKnGm-
(
v ) 8
(
)#2
(


"1.+.571u-e-q
(
/ )*71Em~8 ,*47J26nO"1.0/ ,E)
)%.a"1.a*)c.#$u12ffiq
(
'n+)G+ A ,

71.#$u12u-)#Emk8 ffi,*4(J2gn!"1.\/ ,1)!m=/ 4 2 ./k"qe*.ffA +

8]"
(?B
nG
(
/L,r',]23H
&
%c7'/ 8-7|8 ffie
(
m'4O8 e-2W)# q1k.571',123H
&
.\7]"1.NL) V m
(
/ ]2})re-u, q'/L,1m?/L,1HLOqe*.
+

, NL) Vq'/G,1m=/L,]H
(
1"_m')!./4(J2gn!"1.\/ ,
-4f.571t',]23H-5.\/ 8 q]5.Z.a2 8 ,*47J26nO"1.0/ ,Qc7'/ 8-7
$e
(
m
.\71'2}-q
&
H"/L,h.]',^nG23
',]23H
&
v

7-/ )ffi$ffie
(
mp',
(
"2}H.571{-,123H
&
m?/ 4 23',]8EQ'4 .571{8 ffi,*4(J2 >
ffi   "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 1800
 0  5  10  15  20  25  30  35  40  45
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of metE leader
& 
 [
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
 0  5  10  15  20  25  30  35  40  45
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of metE leader
(' 
XSZS[
Effi@
B  "$

F   J
4
/ )%.#"J,18Etu
(
'.%) 4(J2fn!5.8
(
1"_m-2v
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&
ffi
 
AAAUGAUUCAACUUUUCAAAAAAUUAAUA
A
C
A
U
U
U
U
C
U
C
U
U
A
U
CGAGAGUUGGGCGAGGGAUU
G G
C CUU U U GACC C C A A
C
A
G
CAA
C
C
G
A
C
CGU
A
A
U
A
C
C
A
U
UG
U G A
A
A
U
G
G G
G
C
G
CA
C
U
G C U U
U
U
CG
C
G
C
C G
A
G
A
C
U G A
UG
U
C
U
C
A
U
A
AG
GC
A
C
G
G
U
G
CUA
A U U
CC
AU C A G A U U G
UGUC
UGA
G
AG
A
U
G
A
G
A
G
A
GGC
A
G
U
G
U
U U U
A
C
G
U
A
G
A
A
A
A
G
C
C
U
C
U
U
U
C
U
C U
CAU
G
G
G
A
A
A
G
A
G
G
C
U
U
U
U
UGU
&  
T
A
A
A
U
G
A
U
U
C
A
A
CU
UUUCAA
A
A
A
A
U
U
A
A U
A
A
C
A
U
U
U
UC
UC
UUA
U C G A G A
GUUGGGCGAGGG
AU
U
G
G C
C U U U U GACC C C A A CG
C
A
A C C G
A
C
C
G
U
A
AU
A
C
C
A
U
UG
U G A
A
A
U
G
GGG
CGCACUGCUUUUC
G
C
G
C
C
G
A
G
A
C
U G A
UG
U
C
U
C A U A
A
G
GCA
C
G
G
U
G
CUA
AU
U C
C A U C A G A U U G
UGUC
UGA
GAGAUGAGA
GA
GG
CA
GU
GU
UU
U
A
C
G U
A
G
A
A
A
A
G
C
C
U
C
U
U
U
C
U
C U
CAU
G
G
G
A
A
A
G
A
G
G
C
U
U
U
U
U
G
U
(' 

Effi@
B  "$

F 

J  ffi,E)#',E)*e1)c)%.02ge185.5e'23*)c47J2fn!5.=
(
1"_m-2v
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of metE leader
E @
B "$

F 
ffi
J mi"
(
/ m"1.0/ ,pu
(
-.4(J2 n+5.8
(
1"_m-'2&v
 
 "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
0
100
200
300
400
500
600
700
0 5 10 15 20 25 30
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
Effi@
B "$

F   J
4
/ )%.#"J,18EKu
(
'. q]"])#Em,|.\23ER"
(
/ H?,n+',*.p"J,1mK',]23H
&
q]"_2626/ 2
m=/ )%.a"J,18E|47J2
7-e-n!"J,
F

)*,   0)%ffi)*7 /G,1H .57'23E
)#'u_"_2M"E.a{8
(
e1m-)I'4du/L,*.%)1v
n!"1.0/ ,E)
"_m-m=/ .0/ ,]"
(z( &
vw 8]",,'.
m=/ )*u]2fl]^.\7_"E. .\71kue-q
(
/ )*71Em)%.02ge18*.\e'23*)"_23t8 J223E8*.K qe*. w
81"J,
)$"
&
.57]"1. ffJfiflflp23K]1"
(
1mI"
8 ffi,*4(J2gn!"1.\/ ,_"
(
)8/ .a8'7!4(J2 .57'/ )   0) v;w,hn
&
ffiu'/L,'/ ,
.571
%
 
*

:
)*7 ) .\71
(
81"
(
)%.02ge185.5e'2M"
(
231"22M"J,1H--n+',*./G,.\71 N >   Ic7'/ 8'7IJ8E8'e'2}) e-u,{q'/G,1m=/G,1H
'4 N >"_m-',)
&-(
>$n!5.\7-/ ,-/L,1 +VNL) VQ,*v
RffS ffS   #54>CX24> c cflXR#1 c Y ZJ OQB 
wA, H--,12M"
(
.\71 4(J8'eE)*-4 _Jfffiffiflfl / )*ffi, .571
u]23Em=/ 8*.0/ , '4 )%.\26e]85.\e-23"
(
 ")~)8/ .a8'7'/G,1Hffiv  .\71'2
"uu12J"_8'7]*)
 J/ )%../ 23K_1"
(
nGJ2}hH-',1'23"
(
u]2u12W.\/ *)9-4 .571',123H
&k(
"J,1m-)#81"Ju1Q'4d", 0)v

/ .#"]HJ" f"k5.
"
(
v ffA + ffi )%.5e1m=/ Emx.571I8,*472gnO"E.\/ ffi,]"
( (
"J,1m')#81"Ju1 '4!7-e-n!"J,t)*,   0)i)fi/ .\7t.571
n+5.57mtm*)#826/Lq11m /G,ONffiE8*.0/ ,

v Nv

vcw 23K-/ K Em^.\7]/z2i"J,]"
( &
)#E) '4`.571 7-e-nO",
)*u
(
/ 81 -)5ffin!"
(
)*,  0) )keE)5/L,1H|.571,1. ]'2W)5/ ,P-4ffi_ffJfiflJfl=v

7]u]"_2M"Jn+5.a2})N 23

Q  .
fi
3
	(

Q
fi
3 	
fi
3WS

682	 	

2

Kj Q R  "J,1m

Q   v

7]  Cu1'2/Gn+',E.)Offi,
F
A
F

F
"J,1m
F
P)*,  0) m-
(
/ _23Em~8 ffinu]"23"Jq
(
23*)*e
(
.)  c71'2}]"1) 47J2
F

)*,   0) .\7]xm=/ )%.#"J,18E
u
(
-.fi+
_}

 XSZ_[
,)*7 ).\7'23E)#'u]"_2M"1.a8
(
e1m')C'4u/L,*.%)  "])cm=/ )*u
(
"
&
Emr/L, ffi/ He'23M v

PffivflN /G,18E
1"_8'7u?/L,E./G,^.571Im?/ )%.#",]8Eru
(
'.{8 J2623*)*uffi,1m').8|"u]"/z2*'4 )%.02ge18*.\e'23*)  .571I"Ju-u1]"_2M",]8E '4
.\7'23Em=/ )%.0/G,185.p8
(
e]m')neE)%.kq1|m?e1.8~.57'23E 4(ffie'2GJ2+.]', nCJ23x46"Jn/
(
/ *) -4!)%.\2ge185.5e'23*)
/L,p.\71p)$"Jnu
(
^)#5.EvP)
(


"E.!.571I)%.\2ge185.5e'23*)/L,p.\7]I)$"Jnu
(
^)#*.23K_1"
(
Em|.57'23Ep46"Jn{/
(
/ *)1v
 ,1)#',E)*eE)!)%.02ge18*.\e'23*)fi'4f.571*)#.\7'23E46"Jn/
(
/ *) "_23h)*7,p/L,ffi/ H?e'23NNv

 v

7'/ )2}E)*e
(
.
/ )
/L,
8
(
1"28 ,*.\2M"])%.+./k.571k23*)*e
(
.23'u2W.aEm q
&

/ .a"_H"  "

	 

9
 "])!.\71
&
u12u-)#p"
e-,-/ > _"
(z(

&
)*7]"Ju19'4 .571 47
(
m=/L,1H^)*u]"_8E
",]m.57123547J2}M,
( &
ffi,1 u12ffin{/L,]',*.)%.\2ge185.5e'23vc<)a)5/Lq
(
231"])5,E)
4(J2 .\7-/ )m=/ )#823'u]"J,18
&
nO"
&k(
/ O/ .57t.571 eE)# '4 u]2m?e18'/L,1H"71'e-2/ )%.0/ 8)*e-qE)#5. '4c"
(z(
41"])5/Lq
(
{)%.\2ge185.5e'23*)  "J,1m .571O8 J"_2})#{H?23"/G,1Em
M.023E 23'u]23*)#',*.#"1.0/ , m=/ )%.#"J,18E

v
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$& *H
A
UC
G
C
U
U
C
U
C
GG
C
C
UUU
U G
G
C
U
A A
G
AUCAA
G
U
GU
A
G
UAUC
U
G
U
U
C
UU
A
U
CA
G
U
U
U
A
A
U
A
UCUGAU
ACG
U
C
C
U
CU
A
U C
C
G
A
G
G
A
C A
A
U
A
U
A
U
U
A
A
A
U G
G
A
UUU
UU
G
G
A
G
C
A
G G G A GAU G G A
AUAG G A G
C U
U
GCU
CC
GUC
CA
CU
CC
A
C
G
C
A
U
C
G A
C
C
U
G
G U A U
U
G
C
AGUAC
C
U
C
C
A
G
GAA
C
G
G
U
G
CA
C
C
&  
T 	

 
A
UC
G
C
U
U
C
U
C
GG
C
C
UUU
U G
G
C
U
A A
G
AUCAA
G
U
GU
A
G
UAUC
U
G
U
U
C
UUAUCAGUUU
A
A U A U
C U G
A U AC
G
U
C
C
U
CU
A
U C
C
G
A
G
G
A
C
A
A U A U A U
U
A
A
A
U
G
GA
UUUUUG
G
A
G
C
A
G G G A GAU G G A
AUAG G A G
C U
U
GCU
CC
GUC
CA
CU
CC
A
C
G
C
A
U
C
G A
C
C
U
G
G U A U
U
G
C
AGUAC
C
U
C
C
A
G
GAA
C
G
G
U
G
CA
C
C
C'$  

 ff	fiflffi 
 fl
AUCGCUUCU
CG
G
C
C
UUU
U G
G
C
U
AAGAUCAAGU
G
UAGUAUC
UGUUC
U
UAUCAGUUU
A
A U A U
C U G
A U ACGU
C
C
U
CU
A
U C
C
G
A
G
G
A
C A A
U
A U
A U
U A A A U
G
G A
U U
U U U
G G A
G C
A G
G G A GAU G G A
AUAG G A G
C U
U
GCU
CC
GUC
CA
CU
CC
AC
G
C
A
U
C
G A
C
C
U
G
G U A U
U
G
C
AGUAC
C
U
C
C
A
G
GAA
C
G
G
U
G
CACC
9 "!
 #$%'&(*)+
 'fl
Effi@
B "$

F  JH,E)#-,E)*eE))%.02ge18*.\e'23*) -4`.\7] .57'23E!)%.\26e]85.\e-2}
46"Jn{/
(
/ E)+u]23*)#',*.+/L,!.\7]+)$"Jnhu
(

)#5.%'4i.\71!47
(
m=/L,1H^)*u]"_8E '4d7e-n!"J,
F

)*,  ") v
?   "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
  L	

.- /	fffffiflfiffi "!#%$&

71",_"
( &
)#*) -4 Nffi185.0/ ,ffNvp"J,1m .57)#tu123*)#-,*.%1mr/G, )uu1',1m=/ Q)b"_23fi]2
&
u]2 ffin{/ )5/L,1HL qe*.
.8Rq]t)*e'23p"Jqffie*.+.571k23
(
/ "Jq'/
(
/ .
&
'4!ffJfiflflw u1'2X47J26n!Em"J,^K"
(
e]"1.0/ ,u1281Em?e'23|q]"])#Em
,h.\71E)# '"Jnu
(
*)+"J,1mx"_m-m=/ .\/ ffi,]"
(z( &
/L,18
(
e1m-Em )# 2?e1',]8E*)!42ns8 Jm=/L,1H "J,1m,ffi,K>Z8 m?/L,1H23 >
H=/ ffi,E) "])9f
(z(
"])t2M"J,1mffin)# 2e1',18EE)1v

7'/ )^23*)*e
(
.%1m~/G,I.571I4(
(z(
/L,]HRm-*)5/ H,# wA,x"_m-m=/ .0/ ,
.8k.571xue-q
(
/ )*71Em|)%.\26e]85.\e-23"
(
 0) )8 / .%8-71*) i"I)#5.9'4GA#+(+ )# 2?e1-,18E*)  8 ffinu)#Em '4 23"J,K>
mn/ )#Emx"J,1m,]"1.0/ ])# 2?e1',]8E*)O42ffin m=/ ' 23',*.!)5e'238EE)   "1)!",_"
( &
)#Em / .57h_Jfffiffiflfl=vOflJ2
.\71!2M"J,1mffin{/ )$"E.\/ ffi,C.571!u1238E',*.#"_H-G'4 q]"])#*)1'4 .571 )5e-2}81 )# 2?e]',18En+',*.\/ ffi,1Em q1
(
f"])
8'7]"J,1H-Em|2M"J,1mffin
( &
 "
(L(
/L,1H "J,ff]2M"
(z(
m-.-/ "1.\/ ,/G,QUK8 ,E.%',E.C'4 )( 8 ffinu]"_23Emp./^.571
)5e'238E )# 2e1',18EJvOflJ2f]"]8-7p2M"J,1mffin{/ )$"E.\/ ffi,ku1238E',*.#"_H- )+I)#2?e1',181*)fi 23u12Jm?e18EEm v ) )
.\712M"J,1mffin{/ )$"1.\/ ffi,)*7e
(
mK23*)#'nq
(
|ne*.#"1.0/ ,]"
(
K]-,*.)  "J,1mf"])I,'.^u12W472gn!Em|.8.a*)%.
423E
',1'2}H
&
m?/ )%.\2/Gq-e*.\/ ffi,E)  wCm=/ m,-. 7]"]+.8u]2}E)#2]!.\7]!m?/L,-e18
(
 -.0/ m-m=/ )%.026/Gq-e*.\/ , ff P<A ffi&v wA,
23m-'2 ./pH5.+"J,^/ m1"I"Jqffie*.c.\7]^/Gnu]"_85. '4cu]2/ J2

,
(
Em-H
,h.\71I23*)*e
(
.) fw;u1'2X47J26n!Emx"
)5^81"
(z(
Emxq
(
/L,1m.a*)%.Ev
*,+<
$"
@
>%$
#.-0/21
"#$
<
&
@ 0@  
$&  
 
  & $

$B  
0@  
$&

71"J,]"
( &
)#*)`4(J2=.57'/ )`)#5. "_23d)*7c,
/L,+m5.a"/
(
/G,N E85.\/ ffi,C v"J,1mM)u-u1-,1m=/ M)v )~)*e-nhn!"_2
&
'4 .\7]
23*)*e
(
.) / )d)*7c,h/L,

"Jq
(
CNvAJv
flJ29A@P|)# 2?e1',]8E*)w )*e18E81*)a)%4Ze
(L( &
2}.]1"
(
Em "x)8/ .a8'7q
&
eE)5/G,1H|ffJfiflfl?vbwA, ,1k81"])# +  43
:



7

n  0)1,{.571 _"
(
/ mJ"E.\/ ffi,~23*)*e
(
.%)O '2} ,1EHJ"E.\/ _%7-/ 8'7 n!"
&
q]m?e] ./R.571r46"_85.
.\7]"1.!.\7-/ )
)8/ .a8'7x/ )O.026/ HH-23Em q
&
)#2?e1',181I.\2ge-,181"1.\/ ffi,Jv )
(
./H5.\7]2 deE)5/G,1H ffi_JfffiflJflRw f"])
"q
(
I.8~u123Em=/ 85. AE:eE.9-4

A^)8/ .a8'71E)1v

71p)8/ .a8'71*)pw 46"/
(
Emr.82}18 H?,-/ )#$ 23/ .5712
q11"_26/L,]HuE)#'e]m

,-.);+#) V m /G,;,1 )%.\2ge185.5e'23  53
:


26
ffiu12,n ")l/L,xq'.57-,CJ2
(
ffi,1H
m=/ )%.#"J,18E~/L,*.a2M"_85.0/ ,E) +87
4
w , i)#1

"q
(
  vAv

71~eE)#Em   0) 47
(
m?/L,1HŁu12JH=2M"n+)p"_23R,-.
"q
(
 ./x81"
(
8'e
(
"1.%^.\7]h)#18 ,1mJ"_2
&
)%.\26e]85.\e-2};/ .57u1)#'e1m

,'.%)1v `K]'2X.571
(
*)a) wN)*e1818EEEm-1m
/L,{.#@I81"])#*) +  43
:



NHA rn ")",]my
4
m 2/Gq 
&
n+ ,  "]).571tuE)#'e]m

,-. 8 ,*47J26nO"1.0/ ,
)*7 ) )*e=M^8/ ',*.m=/ )a)5/Ln/
(
"2/ .
&
K]',Gc71',
"Ju-u12 J/Gn!"1.0/G,1Hh.\7]hu1)#'e1m

,'.+q
&
"J,e-,K>

,-.Z.aEm
)%.02ge185.5e'23v97ffi,1Hm=/ )%.a"J,181/L,E.%2M"_85.\/ ffi,E)|"_23 m=/ M^8'e
(
.k.8 7_",]m
(
  / .\7_Jfffiffiflfl q1181"JeE)#
.\71
(
"_23H- 8 ffi,*.\2/Gq-e*.\/ ffi,:-4c.\71k)8/ .%8'7-/L,1Hu]"_2W.{./.\7] ]2M"
(z(
m=/ )%.#"J,18E H-*.) )*7]"_m Emq
&
,-e-n+'2 ffieE) )*n!"
(z(
8 ffi,*.026/Gq-e*.\/ ,1) '4
,ffi,K>)8/ .a8'7'/G,1Hu]"2X.%)  .\7eE)ku123K]-,*.0/G,1H.571e*.a8 ffin+'4
.#$^m=/ )%.0/G,185. 46"Jn{/
(
/ E) /G,ON?.a'uOAfi'4i.\71!ffi_JfffiflJfl "Ju-u]2J"_8'7Jv
*,+<
$"
@
>%$
#	:;/

 @  
D

$B " 

 
0@	

^H-*."J, / m-]"M-4 .\7]O)%.a"Jq'/
(
/ .
&
'4 )8/ .a8'71*)e-,1m-2
ne*.#"1.0/ ,E) +g)#
(
E85.\/ ffi,u]2}E)a)*e'23 , ?.571c)#2?e1',181*)%-4;.\7]
u-71>N >$u-71

> u]2,"1.Z.a',-e_"E./J2 42n
 53
:



",]mI.571 N;u
(
/ 81Em<7-]"]m2 4Z2n 

%
	
( g*

h:

 


#
Q 232M"J,1mffin{/ )#1m A#( ) ( 
,( )( %A +=(ffiA ,(

+)(

)(  )+=( "J,1m )()( v

"Jq
(
  v

)*e-nhn!"_26/ )#E)
.\7] ffie*.%8n+
'4c.571n+1"])*e'23'n!',*.%){472.\7]|23"J,1mn{/ )#Em)8/ .a8'7x)# 2?e]',18E*)1v  ]',k.571/L,*.\2m?e]85.0/ , '4
A^8'7]"J,1H+
(
*)a)O.57]"J,

( 2M",]mffiv ,l/L,^.571t)#2?e1',181*)I/ ){81"Ju]"Jq
(
 '4m-*)%.\2
&
/L,1Hr.\7] u]2 ffiu12W.
&
'4 q1/G,1Hr"^)8 / .%8-7Jv ?e'2W.\71'26nGJ2} .\71p23*)*e
(
.){8
(
1"_2
( &
)*7 .57]"1.{/L,]8231"])5/L,1H23"J,1mn{/ )$"1.0/ ,
(
1"_m').8 m-18231"])5/L,1HI"JnGe-,*. -4 u]23Em=/ 85.%1mt)8/ .a8'71*)  "])1 
(L(
"1) 2M"_23u)5/ .\/ ] u]23Em=/ 85.0/ ,E)47J2
7'/ H?7]2 2M",]mn/ )$"1.0/ ,t2M"1.a*)1v
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$&  
1
 $
 -0/
 Cu]26/Ln+-,*.%A(^N e-nnO"_2
&
'4N.\71 23*)*e
(
.%) 4(J2

,, )8/ .a8'71*)1v*+a,*. ,-e18
(
 '.\/ m*) 
7
4
w
(
,1H m=/ )%.a"J,181/L,*.a2M"_85.0/ ,t/G,.
(
]Em<;u

~u1)#'e1m

,'.+u]23*)#',*.+/L,{"1.
(
1"])%.*,]+)%.\2ge18 >
.\e'23 n  0) n+E)a)#',1H-2   0)% e  0)	Ke-,*.\2M",1)
(
"1.%1m  ")1,
N  2?e]',18E ,*. .
&
u1 u

7
4
w u123Em?/ 85.\/ ffi,
) ..%-,-e]"1.8J2 #) n 0) > > 

N u
(
/ 8EEm 7-1"_m-2 7P e   0) > > 

 43
:
 
14
)52 ) ff P

ffi oJ e   0) > > 

 43
:
 

N A  n 0) 
 > 

!=?>
F

  '4  43
:
 

q*.5e n 0)

+() e   0) > > 

!=?>
F

  '4!VGN

 0)H--,n! #) e   0) > > 




	



*
H=2e-upw /G,*.\2 ffi, A+go 26/Lq 
&
n+ > > 

y
4
m 26/Lq 
&
n+ A  26/Lq 
&
n+ 
 > 


t.amH',1 /G,*.02ffi, A>P e   0) > 
 

yw m3> A
(
1"_m-2

oA e   0) > 
 

yw m3>

(
1"_m-2 ) D#+ e   0) > 
 >
)!=?>
F

  '4') V m   0) A. e   0) 
 > >
 43
:


6
u1'2 ffi, A.+ n 0) 
 > >
 43
:



7

A.) n 0) > 
 
>
 43
:



.\7'/ V
(
1"_m-2 A>P( e   0) 
 > 

 3
	 

	


 
n!5.8
(
1"_m-2

C e   0) > 
 

 3
	 

	


 
26/Gq
4
(
1"_m-2 )#+( e   0) > > 

 3
	 

	


 
&
u]")
(
1"_m-'2 )  e   0) > 
 >
 43
:



( &
)=
(
1"_m-2 AD e   0) > 
 

53
: 

   


w

N
 
)7P e   0) > 
 

 3
	 

	


 
uE.)$Uydw
(
1"_m-2 D e   0) > > 

*,+<
$"
@
>%$
#
 
/
 "
@ 
" #"
	 
 

"  & $ $

$&" 
 
> & $ $

$&?D >% 

 
1
 & )
)#5.$'4 ,]"1.0/ ] "J,1m2M",]mn/ )#Emtn 0)|)# 2?e]',18E*)*f"]) "J,]"
( &
)#Em /G, 8 nhu]"_26/ )5ffi,c.8O)#2?e1',181*)
42n 7-e-n!"J, )<=?>
F

  )1v )i)O 
(L(
"])x2M"J,1mffin)# 2?e1',]8E*) {n 0) ) *)*u]E8/ "
(L( &
.5718m=/G,1H
2}1H=/ ffi,E)  "_23{"1)a)*en+Emh./23"2}
( &
u)a)#*)a)!23EH?e
(
"E./J2
&
4Ze-,]85.0/ ,c71'2}]"1))!=F>
F

  ) "_23u12fl_',
.8q]/LnhuJ2X.#"J,*.I23EHe
(
"1./2
&
23EH=/ ffi,E)1v N /G,18E )8/ .%8'7]*)p"_2323EH?e
(
"1.8J2
&

(
'n!',*.%)  .571
&
"_23
)*e-u-u)#Emp.8 8E8-e'2nG23ff'4M.a',p/L,h)*e18'723EH?e
(
"E./J2
&
23EH?/ ,1)1vw 23*)%.026/ 85.%1m.\71
(
-,1H.57Q-4 .571
",_"
( &
)#Emk)# 2e1',18EE)
.8 o+|,-e18
(
 '.\/ m*) im?e].8p.57146"_85.%) .57]"1.{,-e-n!2eE)

,c,t)8/ .a8'71*)
"_23|/L,k.57'/ )
(
-,1H.57R2M",]H-r"J,1m|.57]"1..571eE)#Em"Ju-u]2J"_8'7~u]2W4(J2gn )N 
(L(
cn!1"J,'/L,1H|.57]"1..571
u12me18EEmu
(
-.) "_23
1"])5/
( &
/L,E.%2gu]235.a"Jq
(
p/L,O.571u-)5/ .0/ ]"])*f
(z(
"1)+/L,O.571 ,11H"1.0/ ]{81"])#v

7]k)#5.M'4 
"_2gq'/ .02M"_2
&
,]"1.5e'2M"
(
)# 2?e1-,18E*)Qf"])pq-e'/
(
m '4MA A+|)# 2?e]',18E*) 8 J262}E)*u,1m?/L,1H
.8~u]"_2W.);+Vo#+R,E. ,G-4

P  43
:



n  0)i)1v

71'2}*4(J23]"]8-7n 0) f"])
8'e*. /G,*.8 u'/ E8E*)N'4
(
',1H'.\7o+"J,1m > P'4 .\7]*)#ff 23t8'7)#', +& 2?e_"
(L( &
m=/ )%.026/Gq-e*.aEm fl_2i.571ffc7
(
h)#2?e1',181 ,5v
 -ffi,

'4`.571ff!

*
 



&

	
  


?

*

8 )!V!>Zm-'u1-,1m-',*.{u]2'.a/L,

/L,]"])#{81"1.#"
( &
.\/ 8O)*e-qe-,'/ .
 H-',1+V )AA.L,t"J,1mq_"1)#E)A  DgP.8 A>P-# -4 .571flfi 



%









* ?


	

EH-H711"_m
H-',1N+ 3Vffi +4o+)A ) ,n  0)  23
2M"J,1mffin{/ )#Em
./
472gn .\71c.%*)%. )#5.1'4f2M",]mn )# 2?e1',]8E*)1v

 "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
1
 $
 :;/
 =u126/Ln!',*.

 NL/ .a8'7mEH=2M"_m"1.0/ ,Jv  e-nq1'21-4
u-)5/ .0/ ]ru]23Em=/ 85.0/ ,E)k/G,I.571
)#5.6-4 )#+)# 2?e]',18E*) 4(J2 ]"]8-7t2M",]mn/ )$"1.0/ ,
)%.a'uJvffiflJ2 .\7]N u
(
/ 8EEm 7-1"_m-2 .571 ,-e-nhq12"'4
8'7]"J,1H-*) 47J2 ),( ",]mC0(2M",]mn/ )$"1.0/ ,{q'.57+2ffie-,1mO./!.#$ neE.a"1.\/ ,1) -)5!.57'/ ) 8 J2623*)*u,]m')
.8
ffi,1{ Cu]26/Ln+-,*.*v
(   ",]mn/ )$"1.0/ , + A )   A+ A 

+

 )#+ )(
) ..%',e]"1.8J2 +&() ,*. , )+

+ A A A A + A + +
N u
(
/ 8EEm 7-1"_m-2*+ 7P,*. , )+ A8o A+  +

+ + A +
1
 $

 
/
Cu126/Gn+',*.*)   *)*e
(
.%)f4(J2 "26q-/ .\23"2
&
)#2?e1',181*)  2M"J,1mn )#2?e1',181*)"J,1m7-e-nO",
)<=?>
F

  )1v6+g)#2?e1',181
(
-,1H.57 o+k,*. ,
N!e-2}81 f2v$'4 )# 2e1',18EE) u]2}1mffiv
%
 
*

:
( u)5/ .\/ ]*)
 43
:
 

n  0)i) AA + A
 
 
  "J,1mn )#2?e1',181*) 

+ P
- 
y e-n!"J,)<=?>
F

 ;) +#+ A.  
 ffi
flJ2 .\7]
)#5. '4 7-e-n!"J,)!=?>
F

  ) N.5719J 2})%. o#+rq]"])#*)I-4i.5719J 2})%.ffi+(+p',*.\26/ *)/L,.\71I7-e-nO",
)<=?>
F

 )#E8*.0/ ,M-4`.\71
F

 ;m?q;+7_2})5/ ,ff'4

+#+) +

 A

 ff P)(ffi(, f23{ ].\2M"]8*.%Em v

71 23*)*e
(
.)I-4i.571"J,]"
( &
)#*)
e-,1m-'2`.\71h"qfl]tn!',*.\/ ffi,1EmI8,1m=/ .0/ ,E)heE)5/L,]H^ffi_ffJfiflJflt"_23
)*e-nnO"_26/ )#Em/L,

"Jq
(

Nv) v  
,1
%
 
*

:
f"])u]23Em=/ 85.%1m/G, .\71 )#*.G'4fiAA+Ru]"_2W.) -4  53
:



n ")i)1v

7-/ )n!1"J,E).57]"1. "
%
 
*

:
/ ){u123Em?/ 85.aEm / .57 "h4Z23 2?e1',]8
&
'4 +ffiv D=( vMflJ2 .571h)#5.
'42M"J,1mffin )# 2e1',18EE)Om26/ ]EmI42ffin,]"1.\e-23"
(
)# 2?e1-,18E*)  .\7]239 23)5/ 
%

*

:
u123Em?/ 85.\/ ffi,E)
/L,I

+)# 2?e1-,18E*) 
(
1"_m=/G,1H.8"
%
 
*

:
423 2?e]',18
&
'41Av (xv

71+"J,]"
( &
)5/ )*-4 .571 +(+Iu]"_2W.)
'4{7-e-nO"J, )!=?>
F

  )
(
Em./|4(ffie'2W.%E-,
%
 
*

:
u]2}1m=/ 85.\/ ffi,E)1v

7-/ )t8 J262}E)*u,1m-)^./"
%
 
*

:
u123Em=/ 85.\/ ,p2M"1.%9-4 ) v)( v
*,+<
$"
@
>%$
#ff /

@  
$&

wA,c.571 81"])#C'4 u]2fl]-,!8 ffi,*4(J2gn!"1.\/ ffi,]"
(
)8/ .a8'71E)+w

,1KK.57]"1.w
7]"_m./tH-5." u-)5/ .0/ ] u]2}1m=/ 85.\/ ffi,"J,1mh.\2/ Emtm=/ ' 23',*.)#5.%)6-4 u_"_2M"n!5.a2})./ H-5.d.571Om-*)5/L23Em
2}E)*e
(
.%)1vcwA,fiJ2}m2 ./ H-5. "J,/ m1""Jqffie*.d.571h/Lnu_"]8*.*'4 .\7-/ )!u126/ J2

,
(
Em-H-pw-)#5.+e-u{" q
(
/G,1m
.%*)%. .8JH-5.5712 / .57 Vh"_238   '7-n )*n!/ '2&v12C.57'/ ) u-e'2gu)#+w5H"] 1"_8'7%'4?.571u-e-q
(
/ )*711m )8/ .a8'7
)# 2?e1',]8E*)h.8 V"_2380c7x)*7e^Emr1"_8'7 '4d.571'n u]23*)#2-/L,]H .571^m=/G,-e18
(
 '.\/ mm?/ )%.\2/Gq-e*.\/ ffi,
",]mn{/ Emk.571*)#p)*7-e^EmP/ .57t.571OJ26/ H=/G,]"
(
)# 2?e]',18E*)1v w 23E8E'/ ]Em.57'/ ))#5. '4)#2?e1',181*)
,-e-nq]23Em)%.#"_2W.\/L,1H"E. E2<=)5.57]"1.cw  "1)ce,]"Jq
(
 .8^/ m--,*.0/ 4
&
.\71 )8/ .a8'7 )# 2e1',18EE)+q
&
.571/z2
,]"Jn+vQ)
(z(
'4.571*)#^)# 2?e1',]8E*)ff 23I"J,]"
( &
)#1m / .57tffJfiflfleE)5/G,1Hrm=/ ' 23',*.^u_"_2M"n!5.a2})1v

71k23*)*e
(
.9'41"_8'7",_"
( &
)5/ )fi "1)O)5/Gnu
( &
.571t8
(
"])a)5/ Jffi81"1.\/ ,x"])+)8/ .%8'7 2c,ffi,K>)8/ .a8'7Jv

71
(
/ )%.*-4 .\71E)#23*)*e
(
.%)*f"]) .571',
8 ffinu]"2}1m{./h.\71
(
/ )%."])a)5/ H?,'/G,1Ht1"_8'7O)# 2?e]',18E/ .)626/ H=/L,"J,1m
.\71'2}*4(J23
.571u12u]2W.
&
'4dq1/G,1HI"O)8/ .%8'79J2 " ,,.>)8 / .%8-7Jv

7123*)*e
(
.%)%f2323"1.5712`m=/ )$"JuK>
u?/G,*.0/G,1H"])tw ,
( &
"_8'7'/ .]Em +=( 8 J2623E85.tu]2}1m=/ 85.\/ ffi,E) +g.02ge1ku)5/ .\/ ]E)",]m.02ge1k,11H"1.0/ ]*) ,
",]m"huK> _"
(
e1I'4  V  v

7-/ )cn+]",1) .57]"1.i.571 8nq-/L,]"1.\/ , fffiffiflfl{"J,1mtn++/ ) ,
( &
)
(
/ H?7*.
( &
q15..%2 .57]"J,{8'7]"J,18E97]',^u]2}1m=/ 85.\/L,]Hp8 ffi,*4(J2gn!"1.\/ ffi,]"
(
)8/ .a8'71*)O/G,te-,

,c,{)# 2?e]',18E*)1v
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$& 
ffi
        
	
	
 	
	
 

	 
	 			 	
	 			 

	
						

	
	
		
			
	
		
	
ff	ff	fffifi	fi	fiff	ffflfi	fi	fiff	ffflfifffifififf	ff	ff
ff	ffffff	ffff	ffffi	ffiffiffi ffff	ff
ff	ff!ffi
ffi	ffi"ff!ffi
ffi	ffi	ffi#fffifi	fififi	fi
fi	fiffffffff!ffi
ffi	ffi	ffiffiffiffi	ffi ff
ff	fffffffffi

ffi
fffi	fi	fifi	fi	fi	fi	fifi	fi	fifffifi	fi	fifififf	ff	ff
ff	ffffff	ffff	ff
ff	ffffff	ffff	ffffi	ffi ffffi	ffiffi	ffi#ff	ff	ff
ff	ff$ffi	ffiffiffi	ffi
ffi	ffi ffffff$ffi	ffi
ffi	ffi ffffffff	ff	ff
ff	fffffffffi

ffi
%ffi@
B "$
 :
 
/
)
(
.%2g,]"1.a
)%.\26e]85.\e-2}E)c4(J20) ..a',-e]"1./2v
 & '  fi5$)(	fiflfi 

71"uu
(
/ 81"1.0/ ,E)p/L, N E85.\/ ffi,  v|"J,1mk.571 2}E)*e
(
.%)M'4.\7]IK_"
(
e]"1.0/ ,)*7[.57]"1.!.\71^)%.02M"1. >
EH
&
eE)#Em~q
&
_Jfffiffiflflx',]"Jq
(
E)h"x23*)#]"_238'712.823K_1"
(
8 ffi,*4(J2gn!"1.\/ ,_"
(
)8/ .a8'7'/G,1HR/G,  0)v
4
/ M^8'e
(
.\/ E) "_26/ )#Cc71',tuE)#'e]m

,-.) J2 7
4
w )"_23h/L, 
(
]Em/L,9ffi,1fi2 /L, q-.\7{"
(
.a2g,]"1.%
8,K>
4(J2gn!"1.0/ ,E)1v ie'2623',*.!"_"/
(
"Jq
(
)%.#"J,1m"_23m  0)Ł4(
(
m=/G,1H|u12H?23"Jn+)!"_23^,'.+"Jq
(
./p81"
(
8'e
(
"1.a
.\71h)#E8 ffi,1m"_2
&
)%.\2ge185.5e'23Q/ .57puE)#-e1m

,-.) q1181"JeE)#
'4d8 ffinu-e*.#"1.0/ ,]"
(
8 ffinu
(
 J/ .
&
v N!n+
"
(
HJ26/ .57-n )c J/ )%.K!c7'/ 8'7h"_23{81"Ju]"Jq
(
M-4i8 nhu-e*.\/L,1HI)*u1E8/ Jffi8O.
&
u1*) -4uE)#'e]m

,-.)ff P/P(ffi
",]mI8 ffie
(
mq1^e1)#Emt./
J
(L(
.571{H"JuJv
w,{)5n!
81"])#*) ;vGHffiv
&
u_") "J,1mk26/Lq
4
 .\71{423Eh',123H=/ *)
'4 .571u-e-q
(
/ )*71Emt8,*472gnO"E.\/ ffi,E) "2} '+*: 

81"
(
CnG
(
"qfl] .\71n 46vCN;/L,181 .571{,e-nq1'2 '4
)*e-quE.0/Gn!"
(
)%.02ge185.5e'23*)+4(J2 .571*)#h)# 2?e1-,18E*)
81"J,Q,
( &
q1h81"
(
8'e
(
"1.%1me-u./ <

8]"
(
CnG
(
m?e1
.8t8 ffinu-eE.a"1.\/ ,_"
(ffi(
/Ln/ .#"1.0/ ,E) ffi.\7]*)#{8 ffi,*4(J2gn!"1.\/ ,1) "_23/L,]"_8E8EE)a)5/Lq
(
v
4
EH=2M"_m"1.0/ , '4c"^)8/ .%8'7rq
&
nhe*.#"E.\/ ffi,]"
(
K_',*.%) / )fi]2
&
4g"])%.*v

71k/G,*.\2 Jm?e185.\/ ffi, '46ffi,1
,-e18
(
 '.\/ m- 8'7]"J,1H/ )`81"Ju]"Jq
(
 '4 m*)%.02
&
/G,1H.571u12ffiu12W.
&
-4;q1/L,]H+" )8/ .%8'7 =,'.#/ .57E)%.#"J,1m=/L,]H
.\71h4g"]8*. .\7_"E.
/ .)O8 ffi,*4(J2gn!"1.\/ ,1)nO"
&
u]2})5/ )%./L,.\7]h)*u_"]81;'4 )*e-qffiu*.\/Ln!"
(
)%.\2ge185.5e'23*) ffE#ffiv

7'/ ) / )/L,p"_8E823m"J,181O/ .\7I"p8 nhu]"_2M"Jq
(
"J,]"
( &
)5/ )tq
&
N 8'7-eE)%.a25.
"
(
v ff PgPffi# c7123 / .I "1)
)*7,!.57]"1.d.57123/ ))5n+hu]2 ffiq]"Jq'/
(
/ .
&
.57]"1.K_',{"O)5/L,1H
(
tnhe*.a"1.\/ ffi,+)*e-q1)%.a"J,*.\/ "
(z( &
"
(
.a2}).571
)#E8 ,]m"_2
&
)%.\2ge185.5e'23vfi=e'2W.5712gnCJ23 .571"Je*.57J2}) )%.#"E.aO.57]"1.)# 2e1',18EE)G-4
(
-,1H.57 A+#+
/ .\7
y "Jnn{/G,1Hm=/ )%.#"J,18E*) H=231"1.a2.57]"J, )ff+&8 J262}E)*u,1m?/L,1H{.8) (s23"J,1mn{/ )$"1.0/ ,-,i"_23 _2
&
e-,
(
/


( &
.8k7]"]/ m-',*.\/ 8]"
(
J2 8
(
-)#
( &
23
(
"E.aEmI)%.02ge185.5e'23*)1v w,!.\7'/ )c Cu126/Gn+',*..\7]O)8 / .%8-7'/L,1Hru12ffiu12W.
&
H-5.%)
"
(
nC-)%.!8 nhu
(
5.a
( & (
)%. 4(J2IA#( +#) .Z.a',-e]"1./J2 ,Kf2}E)*uJv ,( +VN u
(
/ 8EEm<71"_m-2(,  q1'/L,1H/L,
.\71 )$"Jn!I2M"J,1H-"])+.571xq]54(J23^)%.#"1.%Em "
(
e1v

71k231"])5ffi,^4(J2f.\7]k/Lnhn+Em=/ "1.%t"Ju-u11"23"J,181
'4f.\7'/ )! ' E85.
/G,.571 81"])#ff-4 .\71ff) .Z.a',-e_"E./J2f81"J,q1)#E',Nc71',.#"

/G,1H"
(


"1. .571.#$
"
(
.%'26,_"E.at)%.\2ge185.5e'23*) '4 .571k,]"1.\/ ] )# 2e1',18E /L,Pffi/ He'23;Nv

o v

JH-5.5712  .571
&
)*u]"J,I"JqeE.
D(+=( '4.\7]I)# 2e1',18E )5|1"_8'7|ne*.#"1.0/ ,x/ )9]2
& (
/


( &
.8|" ' E85."1.
(
1"])%.9ffi,1p)%.02ge185.5e'23v
=e'2W.\7]2gnCJ23;.571.#$)%.02ge18*.\e'23*)O)*7]"2}Go#+)( '4f.\7]Iq]"])#*)  )5|q'.57N-4 .\71-n "_23t" ' E85.aEm
/L,InG-)%.81"])#*)1v

pH=/ ]h"J, '"Jnu
(
( i7]"J,1H=/G,1Hp.\7] UH>-,t./p"K"J,1mI
(
/Ln/L,]"1.\/L,1HI.\7]^q]"])#
u]"/z2}) UH>-,  "1)r/L,. 
(
_Em /L,+"
(
.%'2W).571423ER',]23H
&
_"
(
e1E)k"])p4(
(L(
 )

71|423E',]23H
&
'4 )%.02ge18*.\e'23 AI/L,]8231"])#*)O42n.*&/:V)& 

81"
(
=nC
(
.//*&I:JVR

81"
(
CnC
(
 7]231"])!)%.\2ge185.5e'23

(
-)#*)/* NV :

81"
(
=nC
(
!/L,18'2}]"1)5/G,1HK.571423E',1'2}H
&
42n *& ffiVR

81"
(
CnG
(
./0*: RNV ( R

81"
(
=nC
(
v

71|8 J223*)*u,1m=/G,1HŁ)%.02ge185.5e'23 / )I)%.0/
(z(
/L,.571 47
(
m=/L,1HK)*u_"]81"J,1m/ .k/ )I)%.\/
(z(
.571
n+'nhq12</ .\7c.571
(
 *)%.f423E -,123H
&
/G,
/ .%) 46"Jn/
( &
ffiqe*./ . ,K4g"
(L(
)cq1
&
ffi,1m
.571.57'23*)*7
(
mN'4
R

81"
(
CnG
(
v

7'/ ) )#E'n+)d./kq1
"fi]'2
&
m=2M"])%.0/ 8
 '"Jnu
(
 q-e*.)*7 )ffi,1 u)a)5/Lq
(
 231"])5,
47J2
.\71fiffiqE)#2]EmQ 
(
"1.\/
(
/ .
&
v!U -,12M"
(z( &
`wC"])a)*e-n! .57]"1.)#K_2M"
(
n+E8'7_",-/ )*n )c"_23
"_8E8 e,*.a"Jq
(
{47J2
.\71E)#t23*)*e
(
.)G+ A-,  O,1)%.02ge18*.\e'23
(
 -)#*) 423E',123H
&
"J,1mIH-*.)
(
-)%.O/L,.\71{)%.02ge185.5e'23)*u]"_8E
   "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
1
 $
  /
)`8E8EE)a)5/ ,p,-e-nhq12}) '4 .5717-e-nO",)!=F>
F

  )6/ .57tu-)5/ .0/ ]
%
 
*

:
u]2}1m=/ 85.\/ ffi,E)1v
) y N<) +!A>P(+!A8o )Ny N<) +

+(+!A ) )Ny N<) +<A

 DD
) y N<) +!A.)o#)() )Ny N<) +

+(+() )Ny N<) +<A

P)o
) y N<) +

+(+ D )Ny N<) +<A

,#) D )Ny N<) +<A

,7P(+
) y N<) +

o Dgo#+ )Ny N<) +<A@P<A #, )Ny N<) +<A

o#)P
) y N<) +!A

o7P4o )Ny N<) +<A

D
(
+g)#EO '"Jnu
(
+"Jq] ,
H
+

,  O,]G-4 .\71 .#$u]2 ffin{/G,1',*.)%.\2ge185.5e'23*) H"/L,1) ',]23H
&


/ 8

/L,]H.571
'.5712 e*.fi'4 .571.57'23*)*7
(
m
H
+ ) , ) ,1.[)%.\2ge185.5e'230c7'/ 8-7
f"]) q-e'26/ Em/L, .571 )*e-qffiu*.\/Ln!"
(
) 
H-5.%)u]2n/L,1',E.Kf23K]]"
(
/L,1H|"t.57'/L2}m
(
81"
(
n{/L,-/Lnenvfi),'.5712 46"_85.h/ )  .57]"1. .\7]Q) ..a',-e]"1./2
/ )
"t8 ,E4(J2gn!"1.0/ ,]"
(
)8/ .%8'7^"])C 
(z(
"])O"t8 m?/L,1H   0) v'flJ2i.57]"1.
2}]"1)5ffi,t)#
(
185.0/ ]xu]23*)a)*e'23
/ )!u123*)#',E.+/G,O.#$ m=/ ' '2}-,*.% "
&
)  "J,1mh.571
K
(
e*.\/ _ u-)a)5/Gq'/
(
/ .\/ *)c.//Lnhu12]+.\71!)8/ .a8'7"_23
2}E)%.026/ 8*.%Em v wA,+.\7]+81"])#fi'4`.571N;u
(
/ 81Em 7-1"_m-'2#ffi.571*)# n+18'7]"J,'/ )*n+)d)#E'n ./I/G,*.a2]',1tnGJ2}
)*nC-.\7
( &
v ) mm=/ .\/ ffi,]"
(z( &
 .571k)%.\26e]85.\e-2}E)^8 ,*.#"/L,
(
"_23H-2 <= e,-u]"/z23Em2}1H=/ ffi,E) 1c7'/ 8'7 8 e
(
m
)#2]"])tq-e ' 2}){472 nhe*.#"E.\/ ffi,]"
(
K_',*.%)1v

71^4K
%
 
*

:
){.57]"1.
"_23ru123Em=/ 85.aEm|4(J2 7'/ H?712
23"J,1mn{/ )$"1.0/ ,+23"1.a*) /Gnu
( &
")*nO"
(z(
u)a)5/Lq'/
(
/ .
&
./Iffiq*.#"-/G, " 8 ffi,*4(J2gn!"1.\/ ,_"
(
)8/ .a8'7+q
&
8-7]"J,18Ev
  EH"_23m=/G,1H+.\71 u123Em?/ 85.\/ ffi,E)f4(J2?.\7] )#5.3'4 n ")i)`",]m
2M"J,1mn )# 2?e]',18E*) "]) 46"
(
)# u-)5/ .0/ ]
u123Em=/ 85.\/ ,1)  /Lnu
(
/ E)"J,G]2M"
(z(
2622 2M"E.aG'4 Av) ( v

7'/ )+neE)%.q1+)#E',
"1) ",he-u-u1'2fqffie-,1mL
"1)dw581"J,-,'.  8
(
e1m-d.\71u-)a)5/Lq-/
(
/ .
&
.57]"1. )5ffin+d"_23f.\26e] +aq-e*.fe-,-u]2fl]',fl, u)5/ .\/ ]E)1vwA,f.571d81"])#
'4N.\71+7-e-nO"J, )<=?>
F

 ;)`.571 4Z2}2?e1',18
&
'4
%
 
*

:
u]23Em=/ 85.0/ ,E) / ) ) v,(flc7'/ 8'7!/ ) )*eqE)%.a"J,*.\/ "
(L( &
+

v ,->&47
(
m ,7'/ H712v N;/L,]8E.\7]*)#23EH=/ ffi,E) '4.%-,u-)a)#*)a)23EH?e
(
"1.8J2
&
4Ze,185.\/ , dwN"])a)*e-n!{.57]"1.
.\71E)#Iu]23Em=/ 8*.0/ ,E){"_23HJmp81"J,1m?/ m"1.a*) 47J2 )%.02ge185.5e'2M"
(
 0)Ł)8/ .a8'71*)O",]mt.57]"1..57'/ )+)*7e
(
m
',18 ffie'2M"]Hh =u126/Ln!',*.a2}).8^8-71E8

4(J2`8 J223E8*.\,1E)a)C'4`.571*)#
%
 
*

:
) +g)#E

"Jq
(
9 v  ,5v

71tm"Jnu1-,'/L,1HR2}E)*e
(
.%) '4d.571kq
(
/L,1m .%E)%.K c7123rw!f"]) ,'.hne18'7xq]5.Z.a2f.\7_",^8-7]"J,18E
,1EEm "r8
(
-)#2
(


v

71R7_"_23m-*)%.^8 ,]8
(
eE)5/ ,|42ffin .\7'/ )^ Cu1'2/Gn+',E.n/ H?7*.q1 .57]"1..571
u123Em=/ 85.\/ ,1)Qffiq*.#"-/G,1Em  / .\7^.\71 71
(
u '4OffJfiflflr"_23x,'.O)5/ H?,'/ Jffi81"J,*.Ev

7'/ )^/ )O./x)%.\2,1HL
"1)+/ . 8 e
(
mxq1ffi.57]"1.!w f"])./23*)%.\26/ 85.\/ _"J,1m^"J,'.5712 u12})5ffi,9$e
(
mx7]"]
"_8'7'/ K]Em q15..%2
2}E)*e
(
.%)1vC) mm=/ .\/ ffi,]"
(z( &
 / . 8 e
(
m|q1
.57]"1.wffim?/ m,'..\2
&
',ffie1H?7xu]"_2M"Jn+*.%2i8nq-/L,]"1.\/ ,1)O"J,1m
.\7]"1. )*u]',1m=/G,1HnG23.0/Gn+N, .57'/ )C$ffie
(
m7]"]/Gnu]2fl]Emp.57123*)*e
(
.)1v   .5712e-,1812W.a"/L,E.0/ *)
(
/ /G,I.571k"1)a)5/ H?,-n!',*.M'4.571p)*7-e^Em|)# 2?e1-,18E*) ./~q]r,ffi,K>)8/ .a8'71*)  )5/G,18E.571*)#n{/ H?7*.
u-)a)#*)a)p.571+ae-,-u]2fl]',fl,I"Jq'/
(
/ .
&
./ )#2]R"1)k"8 ,E4(J2gn!"1.0/ ,]"
(
)8/ .%8'7  ",]m/G,r.571)*n!"
(z(
)$"nhu
(
!)5/ E .571+.a*)%. f"]) q_"1)#1m
,Jv V" J2 8 ,18
(
eE)5/ ,E) 42n .\7-/ )c Cu1'2/Gn+',E. "_23!.\7_"E. .571
u]"_2M"Jn+5.a2})+7_" _!"7'/ H?7/Lnhu]"_85.*,+fffiffiflfl .57]"1. .\71h23*)*e
(
.)ffi'4i"+ffi_ffJfiflJfl"J,]"
( &
)5/ ) 7]"]
.8Rq]k/L,._*)%.0/ H"1.%1mx.57J2 ffie1H?7
( &
"J,1m.57]"1. .57'/ ) /L,*.a2gu1235.#"1.0/ ,)%.%-ux/ )O)*eE)#8E-u*.0/Gq
(
p./x2622})1v

7123547J2} / .In{/ H?7*.I,'.pq]r" H mK/ m-1"r./KeE)#fffiffiflfl|4(J2)#1"_238'7'/G,1H 8,*472gnO"E.\/ ffi,]"
(
)8 / .%8-71*)p/L,
(
"_23H-)# 2?e1-,18E*) q-eE./ .{8 e
(
m|)#2]"])"J,k1"_2
( &
.%*)%.fic71',x"23*)#1"_238'7]2!7_"1)
)5n+!K-/ m-',181O.\7_"E."J, e-,

,c,
)# 2?e]',18EIn{/ H7*. q1
"
8 ffi,*4(J2gn!"1.\/ ,_"
(
)8 / .%8-7Jv$) n+5.57m
.8 )#1"2}8-7O4(J2  0)K)8/ .a8'71*)!/L,
H--,n/ 8O)# 2?e]',18E*)eE)5/L,1H
(
*)a)Ou]"_2M"Jn+5.a2})!n{/ H7*. q1q]"])#Em
,.\7] "Ju-u]2J"_8'7;-4"q1)%.02M"_85. )*7]"Ju1E)  c7'/ 8'7rw /
(z(
u]23*)#',*.h/L,.\7]I,1 ].+8'7]"Ju*.a2vOffi_JfffiflJfl
8 e
(
mt.571',tq1 e1)#Em ./N_"
(
/ mJ"E.a!.57-)# u]23Em=/ 8*.0/ ,E)1v

71{ffi_JfffiflJflk2}E)*e
(
.%) 47J2`.\71I7-e-nO",
F

)*,   0) + NffiE8*.0/ ,QNv v , ,mJ8'e-n+-,*.c.\7]^eE)#N'4
_JfffiffiflflO.8t2}.]1"
(
nGJ2} .57]"J,c.#$h8 nhu15.\/L,1H{)%.02ge185.5e'23*)1v

71O23*)*e
(
.)m?/ ' 2 42nb.57-)#C'4
 "$
ffi@fl 0@	 
 

$"

 
0@ 
B  $
 	 
 #"
	


"
 
"$& 

/ .#"]HJ" f"5. "
(
v ffA + ffii"J,1mI"2}h8 ,E.02M"_m=/ 8*.8J2
&
.8 .571Iq'/ 
(
H?/ 81"
(
,1E1mt4(J2 "h8E2W.#"-/G,h)%.\2ge185.5e'23
'4.571
F

)*,  ") v  eE.K$,1r7]"])
.8~q11"_2 /L,rn/L,1mx.\7]"1.!.\7]x,]"1.0/ ]^)%.\2ge185.5e'23'4"J,  0)
n{/ H7*. H-5.f)%.a"Jq'/
(
/ )#Em^q
&
"]mm=/ .\/ ffi,]"
(
4g"_85.8J2}) 
(
/

Ou12-.%/G,E)"J,1m -.\7]2   0)i)1v3)`m-m=/ .\/ ffi,]"
(z( &
?.571
.\7'23E!8 ffi,E)#',E)*eE) )%.\26e]85.\e-2}E))*7 231"])5,_"q
(

m=/ )a)5/Ln{/
(
"_26/ .
&
)5.\7]"1. w"Jn 8 ffi,.-/G,18EEmh.57]"1.f.571
_JfffiffiflflI23*)*e
(
.%) "_23
8
(
)#2`.8231"
(
/ .
&
.57]"J,O.\7] e-,'/ > "
(L(

&
u12flJ
(
tu]2 ffiu-)#1mrq
&

/ .#"]HJ" f"

	


3Wv
ffJfiflfl/ )hq15..%2 )*e'/ .%Em47J2 .\7]pu]23Em=/ 85.0/ , '48 ffi,*4(J2gn!"1.\/ ,_"
(
)8 / .%8-7'/L,1H.57]"J,.\7] "JuK>
u12J"_8'7
q_"1)#1m9,
 
   + NffiE8*.0/ ,) v NvA-, C"]) .\7-/ )$ffi,1c8'7118

)i472 nCJ2gu-7
(
H?/ 81"
(
m?/ )a)5/Ln/
(
"_26/ .
&
,
( &
"J,1m mJ*)^,-.+.#"

/L,*./"_8E8e-,*.
.57]"1. .571^8,*472gnO"E.\/ ffi,E){)*7ffie
(
m q1t)#-u]"_2M"1.%Em q
&
"
2}]"1)5ffi,]"Jq
(
h',123H
&
q]"_2626/ 2v

7]+)*nO"
(z(
,e-nq1'2 '4 u]2 ]',
8 ffi,*4(J2gn!"1.\/ ,_"
(
)8/ .%8'7]*) 8]", L,+.\7]Cffi,1 )5/ m- q1!)#E',
"1)
"m=2M" cq]"_8

./n
&
K"
(
e]"1.0/ ,Ou]2 J8EEm?e-2};q-e*. ffi, .\716'.5712N)5/ m-Nw1.57'/L,

.\7]"1.`.57'/ )f Cu]23*)a)#*)
.\71O =u
(
/ 8/ .!,1EEm472 " q'/ ?/G,*4(J2gn!"1.\/ 8*) "Ju-u]2 C"_8'7t/L,O.57'/ )"_231"M'4 23*)#1"2}8-7JvfffJfiflflI/ ) )*e18'7
", "Ju-u]2J"_8'7!"J,1m^w"Jn 8 , -/L,181Em
.57]"1.d/ .' /
(z(
q]O71
(
uE4Ze
(
.823K_1"
(
,1K8 ,E4(J2gn!"1.0/ ,]"
(
 0)
)8 / .%8-71*)  ",]mr/G,.\e'2g,tH-5.%)h/Lnu]2fl]1mrq]"])#Em ffi,.571*)#NJ;,]m=/L,1H-)1v;=e'2W.5712/Lnhu12fl_'n+',E.)c./
_JfffiffiflflI81"J,^23*)*e
(
. 4Z2 ffin ,1. m=/ )%.#"J,18En+1"])*e'23*)  nCJ23t23
(
/ "Jq
(
^"
(
H26/ .\7-n+)c4(J2i)%.\2ge185.5e'23
u123Em=/ 85.\/ ,",]mn!5.57m') .8|n!"


.\71p/G,*.%'26u]235.#"E.\/ ffi,O'4 .571I2}E)*e
(
.%)!]"1)5/ 212fK]',ke-,-,]E8 >
*)a)$"_2
&
q
&
)5ffin+

/G,1m:'4)#8 J2/G,1Hffivw .026/ Em.8|m-K]
(
ur")#823|q]"])#Em ,|n+]"1)*e-2}E){4(J2d.571
2?e]"
(
/ .
&
'4f.5718
(
eE)%.a26/L,1HL q-e*..571t23*)*e
(
.%)  23p,'. 8 ffi,18
(
eE)5/ ]Jv ) . .\71)$"Jn+O.\/Ln!   q]2W.
U / EH-'2/ 8'7 m-K]
(
u11m^.571 / m-1"N'4f"JqE)%.\2M"_85. )*7_"u]*) '4   0)%<c7'/ 8-7t/L,^n
&
u?/L,E.ffi-4'-/ K[7_"1)
"k7'/ H7k/Lnu_"]8*. ffi,_Jfffiffiflfl=v

71'2}*4(J23w m-E8/ m-Emx./ $J2

,.57'/ )CJ 2})%.+",]mI./|u-)%.5uffi,1
.\71!ffi_JfffiflJflh)#8 J26/L,]Ht.#"1)

.8xn
&
4e*.\e-2}9$J2

v
   "$
ffi@fl 0@	 
  

$"

 
0@ 
B  $
 	
 #"
	


"

 "$&
       
 	
 ff
 fiffifl   
! 
#"%$'&ge)(*$5e+&3,"*u.-/(EN+01-32 0)4 " m?e]5$/ffi4 $6"!( ffinu+7  34 $
&
m84 M9(-e+7 $$/:4Gn-/;84<2]ff-321mm?e15$/
4 $%""*4 E
 
-/&3m=$/ffi->2/-?7
&
"#t+2@$A4B&3C7
&
v N K]C&D->7E-Ju-u.&3-/(
 
F"O+G"#EN F(*$A4 H2F"

v -321m )Nv? v) ,+ 34 "%$
$8I-/(F(nu?7B4 "
 
$
 
4 "xu.&q+7 'nv )J2]KJ-uu)&3-/(
 
q.-."#EmK2ffi"%$A&ge)(*$5e+&D->7L-JqF"%$A&D-/(*$'4 K2M4B7B7fq1
4<2@$A&m?e)(1Em=4<2$
 
#2] .$"#F(*$A4 H2Jvw $d+2.-Jq+7 @"N$
 
eF"#+&O$8P;-@$Q-
 
R7<4 "%$A4 (G?4 K +0S$
 
T"%$A&ge)(*$5e+&3
"*u.-/(EU-321m,$8  /$'&D-/(*$V$
 
 
q+4 ;ku+7 -
&
C&W"

 C4 $
 
C& q.-."#Em
K2
+21+&W;
&
3&0H2u.&q.-Jq+4<7B4 $
&
qF$X->4<2]Em
0Y&nZ$
 
+u/-/&[$'4 $'4 K2M0Ze>2)(*$A4 K2Cv%=e?&\$
 
C&gnG>&3;w)"
 
]-Ju-u?7B4 (.-F$A4 H2F"1$
 
-)$duR4^2@$_-)$`$
 
+u?"X"*4Lq?4B7B4 $
&
$8=4^2@0+&L"%$'&ge)(*$5e+&D->7  C7B7 >Zm-KJO211mR21@"X"U-321ma->7 $aC&G2.-)$A4 ]#"#F( K2]m>-/&
&
"%$A&ge)(*$5e+&3@"1v
! 
4 " $3&

1-)"
mK21b4<2c( ffiu1C&D-)$'4 K2M4 $
 
  q1+&\$ U14 F;-C&d4 (
 
@
 

 
-_mffi$
 
:4^2+4 $A4 ->7S4 m)-ffi-321m|m-KJO21EmP
 
-)$
-q)"%$'&D-/(*$P"
 
-Ju1@"e-/&3vV
&
u/-/&[$ff_-.",$
 
f4Lnhu+7 -n++2@$g-)$'4 K2h$%@"%$A4<2.;i-321mKC-?7Ge.-)$'4 K2:+0T$
 

n+*$
 
m v
` Aj ' ! 1kml	%$Mn fi po ( !=!/q"%
   	! %$&Tq fi 
; ff
r
q$  s  !.t
r

4!"("$ 
 ( !/q u !CqNs  $ 

wv2U$
 
pu)&3K>4 Kw)"x(
 
-Ju@$%+&w u)&3@"#+2F$%Em:$
 
#yKzC{>|3}flfle-Ju-u.&3-/(
 
07>&~$
 
Iu.&3Em84 (@$'4 K2O?01( H2@0(3& >
n-)$'4 K2.->7)"8M4 $%(
 
4<2);a4<2 0)v w$V4 "cq/-)"#1mMK2!$
 
->2/-?7
&
"#@"*?0$
 
"%$A&Gw)(*$*w+&3T"*u.-/(EC+0`->2 0)
->2]mu1C&[07>&gn"^u.->4B&M4 "#c( nhu.-/&d4 "5H2F"ff?0Q"@w-qu@$A4Lnx-?7E"%$A&dw.(*$Aw?&}F"#$/rC7^w)(C4 m>-)$%e$
 
 u?$%?2@$'4->7
+0"#C&?4^2);b-."-a( K2@073&6nx-)$'4 K2.->7"8M4 $%(
 
vpy`?2)(E$
 
P( nhu?w@$g-)$'4 K2.->7  'H>&[$fi+0h$
 
4 "x"%$a'u
+0
$
 
NyHz/{3|>}flJflx-Ju-u.&3-/(
 
4 "12Rw.-_m8&D-)$'4 (54<2!$
 
x2>w-nq1+& ?0"%$'&Gw)(@$Aw+&3@"$
 
-)$
 
- _N$8 q1->2/-?7
&
"#Emffiv
! 
hu)&ffiq+7 'n$
 
-)$d'n+C&;-F"T4 " 8$
 
-F$1$
 
ff2?w-nq]C& +0S"@w-qffiu@$A4Ln->7+"%$A&dw.(*$Aw?&}F"M;R& h" CuK2]+2K>
$'4-?7N4 $
 
4^2)(C&3)-."*4<2.;a"# 2Kw1+2)(Ea7 ?2);C$
 
 K]+2fi
 
?29&3@"%$'&d4 (*$'4^2);a$8-InCJm-C&D-)$%
+2]C&;
&
&D-32);-v
! 
C&3*073&}$
 
ffyHz/{>|3}flJflc-Ju-u)&-.(
 
4<2)(>&gu3&D-)$%F"ff-P"-Jnu+7<4<2);c"%$a'u 
 
4 (
 
(
 
>"#@"#-9;84 ]+2
2?w-nq]C& ?0"@w-qffiu@$A4Ln->7)"%$A&Gw)(*$*w+&3@" 2Kw.->7B7
&
m84 "%$A&d4Lq?w@$aEmNfl]+&$
 
M"#*$ +0"@w-qu@$A4Lnx-?7."5R7<wF$'4 K2F"1v
! 
4 "5"-nhu+7B4^2);4 "92+$0Y&3E0Y&n-/&[$%*0G-/(*$6" ~-)"P4 $hn#4 ;
 
$nU4 "X"O?2@$'4<&30G-n#4B7<4 @"1vy`+2)(Eh4 $,4 "
0d-Kw?&-Jq+7 $/&3EmKw)(Ea$
 
b2?w-nhq1C&*+0N"%$'&Gw)(@$Aw+&3@"pu1C&0G-JnU4B7
&
$8+2F"@w+&3e$
 
-F$5-n+'nhq1C&1+0
)-/(
 
0d-JnU4<7
&
4 "M"-Jnu+7 EmL3&_2"-nhu+7B4^2);c4 "21E1m-Eme-)$N->7<7 v
)V2+$
 
C&m84 "-]mfl/-32@$X-/;-O+0V(+w+&d&3+2@$   0)p0(K7 m84^2);b->7 ;3&d4 $
 
n"ff4 "$
 
-)$!$
 
9( ffinu?wF$%Em
F

>
"%$'&Gw)(*$*w+&3kn-
&
m84 ' +&Ł0Y&ffin$
 
e2.-)$'4 ]ffH21vQfl3&f +-Jnu+7 E0(3&_"5n+5$  0)Ł"$
 
,( nhu?w@$aEm
n!0K>Y"%$'&Gw)(*$*w+&3M4 "h2+$$
 
  Cu1F(@$%Em 
(C7 fl]+&7 )-)0

q?w@$`-Q"*4<2);87 7 K2);
 
->4B&gu+4<2Cv 7 

4<2.;-)$"@w-quK>
 
 #&

" 

 #  $&

  
$'4Gn->7)"%$A&dw.(*$Aw?&}F"0(3&E$
 
@"#$ ")Ł"N&3K])->7 "$
 
T(C7 ]C&d7 )-)0`06w+&[$
 
+& mM2#4<2$
 
++21C&;
&
"5>&[$aEm
7B4 "%$ffi+0Ł"@wqu@$A4Lnx->7>"5R7^w@$'4 K2F"1v >&S$ 0)~"$
 
4 "cmJ@"52?$Q"%$g-F$a5-tu.&q+7 'nff q?w@$V0(3&"%$A&Gw)(*$*w+&3
C7<w)(+4 m>-)$A4 K2 ?0  0)~"IM4 $
 
w>2

2M2a"%$'&Gw)(*$*w+&3:4 $#4 "fi]C&
&
7 -Jq3&d4 HwF"5$/:"#)-/&(
 
$
 
&Hw);
 
$
 

7B4 "%$9+0!u?"X"*4Gq+7
&
A+#+L +(+#+ffi"@wqu@$A4Lnx->7 "%$A&Gw)(*$*w+&3@"U$/JO21mffi$
 
OK21rq1C4<2.;4<2c( 3&d&}F"*uK21m+2)(E
N4 $
 
u.&d4 3&

2N7 Em?;-ff3&  =u1C&d4Ln!+2@$g-?7=m>-)$X-=v

-

4^2);#-(C7 >"#C&`7  

-)$L$
 
x7B4 "%$@?0"@w-qffiu@$A4Ln->7)"%$A&Gw)(*$*w+&3@"!&3K_)->7 "V-;-+21C&D->7C0)-)$*w+&3(
! 

"%$'&Gw)(*$*w+&3"*u.-/(E!( H2@$X->4^2F"Q-U7 -/&;-#2?w-nq]C& +0"*4GnU4B7-/&E"%$'&Gw)(*$*w+&3@"  m84 ' +&4^2);NK2+7
&
4<2-!0. q.-."#
u.->4B&W"C3&L$
 
pu?"*4 $'4 K2
+0q?w+7 ;-@"5->2]mffi4^2@$%+&d2/-?7 7 ffiuF"1vw 2InC>"%$M(.-)"#F"!$
 
9&3@"#)-C&W(
 
C&10(3(+wF"#@"
K2{m84 "X"*4LnU4<7 -/&`"%$A&Gw)(*$*w+&3@"T-321mc4 "x2?$T4<2F$%C&3@"%$aEmffi4<2x$
 
?"#9?0
 
4 ;
 
"*4LnU4<7 -/&d4 $
&
v
4
4 "X"*4GnU4<7 -/&d4 $
&
()-32Oq1T4<2@06C&d&}1mPwF"*4<2);
mR4 "%$g->2.(E!n+)-."@w+&3@" K7B4

V$
 
6K21F" m-@"g(+&4Gq1Em4<2 NffiF(@$'4 K2
) v

v
! 
4 "->7 _-
&
"#&}F"@w+7 $%"#4^2P-q?4 -."#Em="-Jnu+7 mRw]#$/a$
 
m84 "%$X-32)(E,$
 
&3@"
 
K7 m:(
 
?"#+2Jv  521
( Kw+7 m 0 w+&[$
 
C&Om-KJO21Rm84 "X"*4Ln#4B7 -C&4 $
&
-."a$
 
|m84 ' C&3+2)(E 4<2f"%$'&Gw)(@$Aw+&D->7iC7 'n++2F$6"e$
 
-F$P07>&gn -
"%$'&Gw)(*$*w+&3v Nw)(
 
(3-/&W"#U;8&D->4<2?4<2); _-."M->7B&3)-_m
&
n!+2@$A4 H21Emc4<2ON F(*$A4 H2) vAJv

v
! 
 q.-."*4 (P4 m-.-
4 "$8="8M4 $%(
 
0 &n $
 
c&3'u)&3@"#?2@$X-)$A4 H2 ?04<21m84 ?4 mKw.->7 q/-)"#ku/-?4<&W"5-321mfw>2-u.->4B&3Em q.-."#@"$8c$
 

&}-u)&3@"#+2F$X-)$A4 K2 +0h"%$A&dw.(*$Aw?&->7 +7 'n!+2@$%" "@w)(
 
-."
 
-?4<&gu+4<2:7 ffiuF" iq>w+7 ;-c7 ffiuF" L4^2@$aC&G2.->7O7  uF"
->2]mRn#w+7 $'4<7  uF"1v
T 
4 "{m@"92?$GH2+7
&
4^2@0+& mR4 "X"*4Ln#4B7-/&d4 $
&
?0V"%$'&Gw)(@$Aw+&3@" q?w@$U->7 "5b->7B7 1"x073&
$
 
{u.-/&[$'4 $'4 K2+4^2);N+0 $
 
M0(K7 m84^2);U"*u/-.(1x4<2@$/{m84 ' C&3+2@$(C7-."X"#@"*+0O"%$A&Gw)(*$*w+&3@" K"
 
-/&d4<2);x$
 
"-Jn!
"%$'&Gw)(*$*w+&D->7=+7 'n!+2@$%" O4AvLJv
 
- >4<2);P$
 
"-Jn+"
 
-Ju1v
`  ' q   	  l	fi 
!#%$ 

r
"Uq fi
L7 -."X"#@" ?0L"%$'&Gw)(*$*w+&3@"T(.->2tq]!mKJO21Em=4^2tn-32
&
_-
&
"  q?w@$N-50K &3 2Rw+4<&}-n++2@$%"!"#E-n -Ju-u.&->
u)&d4 -)$ae$8 ()-)$%(
 
$
 
b4<2@$*w+4 $A4 H2 +0!- 
D"
 
-Ju1

 ^
 
+2  a0EC73+&+4 $
 
C&T4^2@$*w+4 $A4 ]+7
&
3&!4<2e"5n+
0(3&gn->7."#+2)"# ,~$
 
-)$Ł$#$#"%$'&Gw)(@$Aw+&3@"M-/&3!"*4GnU4B7-/& $
 

&
"
 
Hw+7 mC4 $
 
C&
 
-]M$
 
"-Jn+M"
 
-Ju1L3&
$
 
+4B&O"
 
-Ju1@"V"
 
Kw+7 m^q1T"*4Ln#4B7 -C&4^2$
 
"-Jn+M"#+2F"#Jv^ 4 $
 
4<2+.-.(
 
-JqF"%$A&-/(*$1"
 
-Ju1-T( H2)(C&3*$a
"%$'&Gw)(*$*w+&394 "cm-@"*4 ;K2.-)$%Em=-."T4 $6"&3'u.&3@"#+2@$g-)$'4 ] "@w)(
 
$
 
-F$7  

4<2);e-F$->7B7?$
 
,&3'u.&}F"#+2@$g-F$A4 _@"
;84 ]F"Q-{n!)-32+4<2.;C0 w+7flfl_C&?4 K ?0 
 
-)$V4 "1$
 
C&354<2T$
 
M0(K7 m84^2);#"*u/-.(1v%Rw+&[$
 
+&6nG3&}ffi)-/(
 
-q.>
"%$'&D-/(*$"
 
-Ju1"
 
Hw+7 m9->7 "5
 
-]->2O Cu?7B4 (+4 $!&3'u.&3@"#+2@$g-)$'4 K2 $
 
-)$M4 "T2+$V-x( K2.(C&3*$%x"%$A&Gw)(*$*w+&3
->2]mc4<21m--u1+21m-?2@$C+0du.&d4Lnx-/&
&
"# 2Rw1+2.(Ev
T 
tmnx->4<2
+0V"#2Rw1+2)(1@"94 "5(C7 ?"#Em w?21m-C& Xw /$X-Ju>"*4 $A4 K2
 ( K2.()-)$%+2/-F$A4<2.;b"# 2Kw1+2)(EF"
->2]mK  :qF$X->4<2$
 
b"#2Rw1+2)(1*v
T 
b"-Jn!
 
K7 m+"e0(3&T"%$A&Gw)(*$*w+&3@"
 4 0 # -321m"-/&3
 
->4B&gu+4<2)" E-321mM hu.-."%$%T$
 
)!=?+21mQ+0 #e$/#$
 
 <=ffi+21mQ+0 "  fCffiq@$X->4^2x-x"%$A&Gw)(*$*w+&3C
 
4 (
 
4 "
"*4Lnu?7
&
->2 .$aC&G2.->7+7  uffiM4 $
 
$#$5-]m Y-.(1+2@$
 
-?4<&gu+4<2"%$A&Gw)(*$*w+&3@"1vwv2N-_m-mR4 $A4 K2!$8 Xw .$g-Ju?"*4 $'4 K2
"%$'&Gw)(*$*w+&3@"#-/&3,07>&gn!Em|q
&
&3F(+w+&W"*4 ]I'nhq1Em-mR4<2);ffivfl3&  +-Jnu?7 L4Lnu?7 -32@$A4<2);=$
 
&3E-_mY-/(E+2F$
 
->4B&gu+4<2)"=4<2@$/f$
 
7 ffiu +0T-=07Kw+&[$
 
@ qF$X->4<2ffi-b(C7 ]C&d7 )-)0"%$'&Gw)(*$*w+&3v  +4<2);f073&6n!Em q
&
Xw .$g-u?"*4 $A4 H2c-321mk'nhq1Em-m84^2);L`"%$A&Gw)(*$*w+&3@"#-/&3c4<2
 
C&3+2@$A7
&
$'&3E >g7<4

JvM)V7 $
 
Kw.;
 
$
 

&
()-32xq1
&}-u)&3@"#+2F$%Em 4<2|n-32
&
_-
&
"
I"@w)(
 
-."U"%$'&d4^2);+" _"52Rw+4 ;?;87 u+7 ?$6" @3& q.-."#ru/-?4<&!7B4 "%$6"
 -e$'&3E
&}-u)&3@"#+2F$X-)$A4 K2a4 "V$
 
GK2]T$
 
-)$()-32hq]ffw)"#Emff0(3&->7B7?u?w+&gu>"#@"ffiM4 $
 
KwF$4<2@$A&mRw)(+4<2);c-/&[$%*0G-/(*$6"
>&_7 >"*4<2);p Cu+7<4 (C4 $4^2@0(3&gn-)$A4 H2Jv
w 2!m>-)$g-$
&
u1$
 
 3&
&
K$
 
4 "T4 "N(.-?7<7 Em-32ff4<2+4 $'4->7Jm>-)$X-5$
&
u1(
! 
C&3,4 "N-5"*4Lnu?7 n-Ju-u+4^2);ff0Y&n
$
 
,4^2+4 $A4 ->7Jm3-F$g-x$
&
u1$89-32
&
+$
 
C&_&3'u)&3@"#?2@$X-)$A4 H2 
 
4B7 U-32ff4^2.]C&W"# nx-uu+4<2);knx-
&
q]hnG3&}
( nhu+7B4 ()-)$%EmO>& n-
&
2?$K]?2 34 "%$*v
 #&

" 

 #  $&

   
-
N
 
-Ju1@"x"
 
Kw?7 m|q1
 
nGnG>&gu
 
4 (a4Ln-/;-F"C+0h"%$A&Gw)(*$*w+&3@"  
 
4 (
 
n+.->2)"!$
 
-)$6
 
?2,"%$A&Gw)( >
$Aw+&3 #4 "'nhq1Em-mEme4<2x"%$'&Gw)(@$Aw+&3 "38$
 
+2$
 
"
 
-Ju1fi+0d# 4 "N->7 "5t'nq11m-m-Eme4<2$
 
"
 
-Ju1fi+0
" v fl3&K$
 
4 "&3)-."5K23$
 
 u.&d4<2)(+4Lu+7 @"*+0Xw .$g-Ju?"*4 $'4 K2T-321m!'nq]Em-m84^2); n#wF"%$L-Ju-u+7
&
$/!$
 
Q"
 
-Ju1
mnx-?4^2x-."* C7B7Av  *073&}5;R4<2.;c4<2@$/,$%)(
 
2+4 ()->7Cm-*$g->4B7 L x-/&d&d4 ]U-)$1$
 
0(R7<7 M4<2);Im-KJO2+4 $'4 K2F"

$ 
 	 ffi : -


	

 
	 


	



(

&
(


* F

	

	
	


 

*
&  	
 


(

&
#


*
F


 
%
 
3
D



%



 
	
	
	

g*
 



%4%

*@? F

#
 	

 	 
  	
%

  

   
	
% 
 
	

)*

*
&



 
&4&

*@?
3

$

	

	
	


 
#-321m "
 
-]U$
 





"
 
-Ju1N
 
+2


#;


" 5v

$
   
*
	 

->2]m 
 
-]#-
	
( g*
"
 
-Ju1P4 0Ł$
 

&  
-]5"%$A&Gw)(*$*w+&3@" #N-321mG#fiff`"@w)(
 
$
 
-)$


#fl$ffi


#fiff&5v

( nhu.-/&3h$
 
"
 
-u]@"'+0$#$!"%$A&Gw)(*$*w+&3@" >$
 

&
21E1mU2?$
 
- _1$
 
"-Jn+u.&d4Ln-C&
&
"# 2Rw1+2.(E
23& K]?2"# 2Kw1+2)(EU"*4LnU4<7 -/&d4 $
&
3&"-Jn!!"# 2Rw]+2)(EP7 +2);C$
 
v

w+&G2+4<2);ffi2 $/U$
 
0(K7 m84^2);P"*u.-/(E
 
-1?0~-#;R4 ]+2   0) "# 2Rw]+2)(E  L 
m-KJO2]x$
 
!m@"*4B&3Emc(C7 -."X"#@"!-."4<2._C&W"#P4Lnx-.;@"6?0



$ 
 	 ffi : :! 

 
?
  
* ACBED
   
*
	


	

+
	
)*
	


	

9
F 

&

*>?

%

	


-
 
	 

  
	
F

  

?



	
"	
	


 

		

n&

*>?
	

	 





 
$F



 
%




*>?
3$# 	

+ 

 
	
	
	 9


 
%
 
%

	  


-%'&


#;)( # 


-+* 3 
 

,	


 
$F
,
 

 
%

&

	

	
	


 
*


'
 
& #-( #k


-.


#;/ ,0*
wv2Q+$
 
C&$$3&3m+" O$
 
,"
 
-Ju1P(C7-)"X",f4 "
/132

,ffi4


-5vC)Ł"!$
 
a4<2._C&W"#c4Ln-/;-ff+0V-,06w?2)( >
$'4 K2!->7 _-
&
"V4^21mRw)(EF"V->2c 2Kw+4 /->7 +2)(E#&3C7 -)$A4 K2 Ew?2+4 2Kw1x&3'u.&}F"#+2@$g-F$A4 _@"Q-/&3cm-KJO2]EmU-."Ł07R7B7 1"

$ 
 	 ffi :
  
 




%

  
*
	 	
   
	

	
	


65
,
F 



 
%
7	


 
,
 
	 






*
	 	 
  	

 



*




F

 
*


? 

)*>?

 

	
"	
	


  
*
	 

8	


 
3
! 
C&3ffi4 "$
 
=&D-/&3e()-."#P$
 
-F$$#$:"%$A&Gw)(*$*w+&3@"4^2e-a"
 
-Ju1e->7 "5
 
-]P$
 
9"-Jn+ +2]C&;
&
4<2

 
4 (
 
(.-)"#N$
 
x&3'u.&3@"#+2@$g-)$'4 ]#4 "_$
 
M"*n->7B7 @"%$ K2]5w?21m-+&O-U7  34 ( 3;8&D-Ju
 
4 (fi3&3m-C&d4<2.;ffH2M$'&3E@"1v
! 
,"
 
-Ju1e&3'u.&}F"#+2@$g-F$A4 _9"%$'&Gw)(@$Aw+&3@"GM4B7<7;q1P()->7B7 Em


 

%

0(3&Ł"
 
3&[$K$/mR4 "%$A4<2);Rw?4 "
 
$
 
'n
0Y&n -32 Cu+7<4 (C4 $U&3'u)&3@"#?2@$X-)$A4 H2O+0~$
 
ff"
 
-Ju1,-)"- 
 
K7  
 
4 (
 
  N4<7B7E4<2F$'&mKw)(Ekq1C7  v
! 
9-Jqfl_hm-.JO2+4 $A4 H2F" n#wF"%$
q1P( ffinu+7 'n++2F$%Emq
&
( H2)(C&3*$a^m>-)$g-,"%$'&Gw)(*$*w+&3@"P&3'u.&3@"#+2@$A4<2);
 0)m"%$'&Gw)(@$Aw+&3@"ffi-321mi"
 
-Ju1@"1v
! 
|mR4 ' C&3+2F$e"%$A&dw.(*$Aw?&->7~(nuK21+2F$6"b4<2  0) -/&3"*4<2);87 
"%$'&D-321m-Em &3F;84 K2F" 
 
->4B&gu+4^2 7 ffiuF" Q"%$X-/(

4<2.; &3F;84 K2F" Oq?w?7 ;-@" K2:$
 
 <= 3&IK2:$
 
 )!=_"*4 m-
4<2@$aC&G2.->7O7  uF" `-321m|n#w?7 $A4B7  uF"1v 8w+&[$
 
C&gnC3&3H 
 
-]e7B4 "%$6"fi+0Q-_mY-/(E+2F$"%$A&dw.(*$Aw?&}F" S"@w)(
 
-)"$
 
9( nhuK2]+2@$%" +0$
 
t .$aC&G2.->77 ffiuJv
! 
F"#9"%$'&Gw)(@$Aw+&D->7 ( nhuK21?2@$6"#-C&}tm+2+$aEm~q
&
2m-7-q]C7 "N/N y 7LCN  3 27f-321m   3w 7L3V 7L~-321m)
4
&3@"*u]F(*$A4 ]C7
&
v

)(
 
2+4 ()->7B7
&
7-q]C7
 4 "#211Em-Emc$/km-+2?$%9-32-nu@$
&
7B4 "%$I?0V-]m Y-.(1+2@$( ffinuH21+2@$%"1vtwv2]m84 ?4 mRw.->72?w.(C7  ?$'4 m-@"9)6
$1U :9$ -."  +7B7K-)""%$A&d4<2);?"!$
 
C&3 +08`&3'u.&3@"#+2@$$
 
-nT"#C7 ]@"1v9H4 ;Rw?&} Nv A#"
 
h"-pu.-/&[$A4 (+w+7-/&
"%$'&Gw)(*$*w+&3I4<2b"#.]C&D->712+$g-F$A4 H2F" T4<2)(C7^w1m84^2); $
 
PK2]rm-KJO2]Em
 
C&3v "?$%=$
 
-)$c4<2:$
 
:$A&3E
2+$g-)$'4 K2$
 
u)&d4Lnx-/&
&
"# 2Rw1+2.(Ea()-32kq1c&3)-_me0Y&nm$
 
e7 )-]F"fi?0h$
 
#$A&3Ec4<2c7 *0D$!$/ &d4 ;
 
$
+ <=E$/ )<= , 3&}mC&vw 2#$
 
ff$a .$-321me0(3&1( nhu?w@$aC&Q4^2-u?w@$.$'&3EF"CM4<7B7;q1NM&d4 $6$%?29-."0(3&gn#w+7-." 
"@w)(
 
-.";=<
?>->A@
; CBEDCDAF.)GCF 3&H;<
@+IKJL@
-.DCDCDM.B=F.)GCFN
 ,: 
#&

" 

 #  $&

@@ @
	
}
	 @
}
	@
	
	
}
@
	
}
fffiffifl! "#fi$% "#&('
)*)+
+*+
+,)+)*)
)*)%-.)/-
-*-
-.)
10fi324 '65&5! "5fi7
8:9<;>="=?;ffi@ A
A:@ BDC 89<;>=FE,;G@ A:@HC =FE,;ffi@ I<@HC =FEJ;ffi@ KL@HC MONP;G@ 8L@HCH@ I<@HC Q*NR;ffi@ A:@HCH@ K*8*I,A:@HCH@ I<@ BSCH@ I<@HC @ KJ@ BDCH@ 8<@ BDCH@ A:@ BSCH@ I<@ BDC 89L;O="=/;G@ 8L@ BSC TRBGBffiB
U$VXWZYJ[]\ffi\ ^U "G'_'
CL E
AD
`PXYLafiPbV'
ESS SR
SR
SR
IL
HL
AD
AD
AD
SS
’CC’ ’C’
’C’
’C’
’G’
’G’
’G’
’G’’G’’A’
’A’’U’
’U’
’A’
’UAGC’
'_3c]G'?'
def<gih6jlkmon,pffqrRs"tPs"uGrvwxrRy.z{q|~}FuGtPFUtFxtRvwF_ŁVrv:,tRws"Ł_sFFFJ<o?
#&

" 

 #  $&
  
 
) J &["%$M"
 
- 1P-F"%$'&D-/(*$A4 H2a4 "$K2+7
&
()-C&}P-KwF$ 1+29-32	a(C7 ?"#
	e"%$A&dw.(*$Aw?&}F" .&D->2.(
 
4<2.;
->2	-	Y-/(E+2)(
&
N
! 
@"#Q"*4 $*w.-)$A4 K2)"_-/&3&3 .&3@"#+2@$a
	
&
2	-T7 -1C7 "  L27LL

+d0 & 
03&

,K
)
4
+->2	LN +    >wF"*4<2.; )
4
-32	94<2h$
 
	ffx-?4^2fi+0 "
 
- 1@"L"
 
Hw+7 	ff2?$;84 ]&d4 "#$T(
K2@06wF"*4 H2ffifl
$
 

&
-C&} Xw)"%$N;-+2]C&d4 (a7B4 "%$N(
K2F"%$A&Gw)(*$3&[")N ,
 
 
i-F"%$A&-/(*$A4 H2!x-ffi ffi +4<2);

0 & "%$A&Gw)(*$*w+&3@"ffi$ "
 
- 1@" 4 " 	-KJO2]
	#
&
$
 
f0$K7B7 M4^2);
 2Rw.-)$A4 K2)")N&%cwF"#('/-C&4-+7 @"*) .
+P0$3&Q2?w.(C7 
?$'4 	-@"
fl-, . ,0/ 03&V7  P"#
1Rw]+2)(E@"
flfi20$3&h-c7B4 "%$3+0
-	 Y-.(1+2@$(
( K21?2@$6"
flE-32	*4=0$3&L-/&5+4 $A&D-/&76#"%$'&Gw)(@$Aw+&3@")N

@ >->ffi@
, F F  8*9 : 0N7;<

@+IKJL@
) . , .
+F F  =
J
: 0N

<

@ >fi>@
) .?4.@+F+F$

@
4F : 0N)A<

@CB JL@
) . , .?4.@+F+F$

@
4F : 0NEDF<

@CB3>@
) .?4H. , .@+fiF F 

@
4F : 0NA<

@HG?JL@
) .@, .?4H.@,
/
.@+fiF F 

@
4F : 0NJI<

@CK J @
) .@2 .
+F F  LNM
@

@
2 F+F : 0N ,A<

@
;=<
@?>->A@
, F.@2 F+F$

@
2 F : 0NPOA<

@
;=<
@
4H.@2 F+F$ ;<
@

@
4F.

@
2 F F10$3&Q4SR
>->ffi@
, F :UT0NJV<

@
GCF  G :WT NX; +<
Y
$e4 "t)-."6ffi$"#E=$
 
-)$#$
 
4 "a-ffi)"%$'&D-/(*$A4 K2b0 w?2.(*$'4 K2i&3*$X->4^2F"
 
->4B&5 +4^2F"c-32	Z#w+7 $'4<7 ffi F"
[\>w@$
-ffi)"%$'&D-/(*$%"V0 &] "%$g-/(57 +2);C$
 
"
[^?w+7 ;@"
[4<2@$aC&G2.->7K7  F"
[E-32	ff"*4<2);87 `_Y"%$A&-32	
	ffi&3F;R4 K2)"a:HbC(E F$
0$3&Q$
 
:()-."#"?0!$
 
:(
( +7 @$%C7 6 w?2ff .->4<&}	I"%$A&Gw)(*$*w+&3<N
Y
$ff(
( +7 @$%C7 6 -F"%$A&-/(*$%",0Y&c .&d4 _
-/&76:"#
1Rw1?2)(EfiN
 
 
4 "e-F"%$A&D-.(@$'4 K2S#4 ;
 
$1=$ffi "%$'&K2.; 4<2b"d+:(.-)"#F"
[@"@ 1)(C4 ->7B7 6feM4 $
 
"
 
3&\$,"#
1Rw1?2)(E@"9$
 
-)$(	ff 2+$
 
-']g#w)(
 
(
 
->2.(E:$f"
 
e "
 
- 1h'/-/&d4 -)$A4 K2"H2=$
 
4 "c7 .'_C7
+0V-F"%$'&D-/(*$A4 H2 N
Y
2ff"@w)(
 
(.-)"#F"
[Qe .-ffi0C&1-F"%$A&D-.(@$'4 K2P0 w>2)(*$A4 K2)"x$
 
-)$5&3*$g->4<2ij3&3#"%$A&Gw)(*$*w+&D->7
	-*$g-?4<7 ()-32"]	-.kO21
	 4<2e-"*4E#4B7 -C&le_-.6N
 
 
mK21F"x$
 
-)$5-/&3c4E ?7 !+2@$a
	f4<2P$
 
h .&>;8&D-
{>|>}ffiflnHz.yAo?fl9-C&}p	@"g(C&d4E1	ffi4^2qffiF(@$'4 K2T NEr N
%
 
4<7 #->7<7?$
 
5(
( ?w@$g-F$A4 H2.->7-32.->7 6)"*4 "+0L"
 
- 1@"x4 "j/-)"#	mK2x$
 
@"#$A&3E,&3 )&3@"#?2@$X-)$A4 H2F"
[
4 $54 "(
K2
']+2+4 +2@$0$3&L$
 

 
wff-32 .65#$b4^2@$A&]	Rw)(E"%$'&d4<2.; &}ff )&3@"#+2F$X-)$A4 K2)"50$3&Ł"%$A&Gw)(*$*w+&3@"U-)"
e C7B7>-."03&"
 
- 1@")Nlsp2+$g-)$'4 K20$3&"
 
- 1F"
[wF"*4^2);
 
&&>&5 
 
4 "@utwv4 "	.kO21
	9-."0R7B7 e1"
[
e
 
C&3x
x
x
x xx
x x xPyz!)-32F"3{	ff+$%"
[ (P, (R4 "N$
 
,7 +2);C$
 
?0L"%$'&d4<2.;i,$[ ->2	|\	-+2?$%F"M$
 

ff @$56x"%$'&d4^2);3N
t}
@
8(9CF  ffi
ffi
ffi :WT NX;;<
t}
@
=
J
F  ~A
~
~F :WT NX;A<
t}
@
LM
@
2 F F  ~
~
~t}
@
2 F

 :WT NX;rA<
t}
@
;=<
@
4H.@2 F F  t}
@
4Ft}
@
2 F :WT NX;
DF<
t}
@
GCF   :WT NX;TA<
   
	
 

 
 
4 "4 "M-32.->7 >;ffiKwF"M$,$
 
T0G-U4B7<4 -/&V4 +2?2.-U2?$X-)$A4 K2x03&"%$A&dw.(*$Aw?&}F"
[
 
C&3p	-.kO21	a-."Ntff
tflfi
@ >/>A@
, F F$ x7xXx
x x7x
xXx xffi  !ffi :WT N7;I<
tfi
@+I J @
) . , .@+fiF F 
@
x7x7x@
x x x
@
x xXxffi  "ffi F
F
F :WT N7;,A<
tfi
@ > >@
) .?4H.@+fiF F 
@
@
@
tfi
@
4FAF
F
F :WT N7;
OA<
tflfi
@CB J @
) . , .?4H.@+fiF F 
@
x7x7x@
x x x
@
x xXxffi  "ffitflfi
@
4LF/F
F
F :WT N7;V<
tflfi
@CBj>@
) .?4. , .@+fiF F 
@
@
@
tfi
@
4Fx7xXx
x x7x
xXx x ffi  !ffi F
F
F :WT NP#<
tflfi
@CG?J @
) . , .?4H. ,
/
.@+fiF F 
@
x7x7x
@
x x x
@
x xXxffi  "ffitflfi
@
4LFfix7x7x
x xXx
x x xffi  $!ffi F
F
F :WT NP;<
tflfi
@HK JL@
) .@2 .@+fiF F 
@
@
@
tfi
@
2 FffiF
F
F :WT NPffiA<
tflfi
@
;<
@
4.@2 F F$ tflfi
@
4Ftfi
@
2 F :WT NPffirA<
tflfi
@
GCF  | :WT NPffDF<
%
+$a1$
 
h"*4E( +7 &})(+w+&W"*4 '] 	-@kO2+4 $A4 H2F"
[ffe
 
+&}.-)"1- 	R4B&3F(*$	-@kO2+4 $A4 H2N?0H$
 
\x-ffi ffi +4<2);0Y& $
 

V4 ?2?2.-e"%$'&d4^2);"tflfi
@
4FN$c$
 
P(
3&d&3@"@ K2	84<2); "
 
- 1'&<"P2?$X-)$A4 H2 t}
@

@
4F F&3
1Rw+4<&}F"ff-i .-/&W"*4^2);
0 w?2)(@$'4 K2 N qOw.(
 
"*4E( +7B4 (C4 $56f4 "ff$
 
:-	'/-32@$X-/;-h?05wF"*4<2); -:$'&3E&3 .&3@"#+2@$g-)$'4 K2 N)(H4 ;Kw+&3"T0NPr
"
 
e1"N"d!!"%$A&Gw)(*$*w+&3@"4<2V4 ?2?2.-a2+$g-)$'4 K2ffi[K$3;-*$
 
C& eN4 $
 
$
 
C4B&"
 
- 1,2+$g-)$'4 K2Pw?2	C&$
 

-ffi)"%$'&D-/(*$A4 K2#0 w?2.(*$'4 K2

N
sQ2@6e"#+2)"*4E+7 f2+$g-)$'4 K2c0 w?2.(*$'4 K2 #w)"%$*1b4<2+*&F(*$A4 ']ff[N4 NGfiN4 $#wF"%$P2+$mx- 9$5elg	84 "%$A4<2)(@$
,*&F(@$6"a$f$
 
:"-!f2+$g-)$'4 K2 N
 
 
4 "e- ff 1)-C&["a$Z1i'?4 R7 -)$a
	[M-." tflfi
@CG?JL@
) . , .4H. ,0/ .@+F+F 
tflfi
@CK J @
) . ;<
@
4.)GCF.@+fiF 
@
@
@
tflfi
@
4F F
F
FN.- e @']C&W[1$
 
&})(+w+&d&3+2)(E@"a$
 
-F$P->2/-?7 6)"#e$
 
="#)-/&(
 
"@ .-/(E
 
-']i1E?2m	-@"*4 ;K21
	:$ 1cw?2.-(+4 ;RwKwF"0/ I ,'1W[-32	
 
+2)(Ea-()-32	84 	3-F$am?0h$
 
,03&
K JL@
) . ;=<
@
4H.)GCF.@+fiF`[K-a2K2@_C)&D-32)(
 
4^2);g#w+7 $'4<7  ffi[4 "x21.'_C&L(
K2F"*4 	-C&3
	3Nfi% 4 $
 
$
 
4 "4^2U4<2	[
4 $N4 " )-."6!$5"
 
e]$
 
-)$N+$
 
tflfi5-32	t},-/&3x4<2,*&)(*$'4 ']fiN2-`?2)(Eff[$
 
p .&>;8&D-{3|>}flnKz/yAo=flU()-32
$E $
 
!$A&3EU&3 .&3@"#+2@$g-)$'4 K2F"!0$3&L4 $%"#C7 0?[H-32	#0d->4 $
 
06w+7B7 65(ffw?2+4 ()-)$%\eN4 $
 
4 $%"!wF"#C&W"'?4 -$
 

"%$'&d4<2.;=&3 )&3@"#?2@$X-)$A4 H2F"&?0L"%$'&Gw)(@$Aw+&3@"->2	P"
 
- 1@")N
30465 7l98ff:!<;%$=:?>A@CB DMqFEMq9G	8
Y
25$
 
ff-32.->7 6)"*4 "3?02H
%
s "#F(K2	>-C&X69"%$A&Gw)(*$*w+&3(	84 ' C&3+2@$"%$'&Gw)(*$*w+&D->7C7 !+2@$%"-/&394^2U0>(+wF"&+0
$
 
&3@"#)-/&(
 
+& N
Y
25$
 
ff()-."#z+01(
K2@03&x-)$'4 K2.->7R"eM4 $X(
 
4<2.;b4 $&#4 ;
 
$j1U$
 
21@"%$A4<2);f .-)$ $aC&G2
+0T"%$aT"
[ e
 
+&}.-)"=4^2:$
 
:()-."#"+0( )&+$aC4^2S+4^2	84<2.;I"*4 $%@"=4 $ U4 ;
 
$ 1c$
 
 Hb34 "%$%+2.(E ?0-
?w+7 ;3&N4<2@$aC&G2.->7S7 ffi  NI(ff>&h$
 
4 "ff&3)-."dH2
Y
	-@']C7  1
	 kF']	84 ' C&3+2@$x$56ffi 1F"z+0V"
 
- 1F"
[ )-/(
 
-ffi)"%$'&D-/(*$A4<2);0Y& "%$'&Gw)(@$Aw+&D->7	-*$g->4B7*$-N	84 ' C&3+2@$l	-);8&3EfiN
 
 
3j>"%$S-F"%$A&-/(*$S$56ffi ] T#4 "L;84 ']+2
C6ff$
 
,-F"%$'&D-/(*$A4 H2#06w?2)(*$A4 H2,"
 
e2e4<2i1Rw.-)$A4 H2F"&T N7; 
FT N7;#=-32	e-F"%$A&D-.(@$6"T0Y& >w+7 ;-9-32	
4<2@$aC&G2.->77 ffi F"T-."efC7B7R-)"Q0Y& "*4<2);87 @"%$A&-32	?")NJ(3&}	-*$g-?4<78-Hw@$N"*4^2);87 @"%$'&D-32	-	b&3F;R4 K2)"54<2
#w+7 $'4<7 ffi F"Q-32	U$
 
 Hb.$aC&G2.->77 ffi U4 "0 @$wF"*4<2.;5$56ffi 13D Nlq
 
- 1!$56ffi 1jrff-/;>->4<2x-ffi)"%$'&D-/(*$%"h0Y&
-?7<7/4<2	?" ?0!"*4<2);R7 @"%$A&D->2	+" ?wF$&3*$X->4^2F"=4<2@03&x-)$'4 K2"K2=$
 
 21@"%$A4<2.; +0z?w?7 ;- ->2	I4^2@$aC&G2.->7
7 ffi F")N2H;._6-	ffi	84<2);9$
 
,&3 .&3@"#+2@$g-)$'4 K2 +0L"*4^2);87 F"%$'&D-32	+"54^2#w+7 $'4<7  F"!-32	ff$
 

Hb.$aC&G2.->7K7  
6?4 C7 	+"x"
 
- 1@"p+01$56ffi ]* N
 
 
i&?"%$	-*$g->4B7 	:"
 
- 1,$56ffi 1P-F"%$A&-/(*$%"aK2+7 6,0 &m$
 
a7 +2);C$
 
"
+0~"%$g-/(/4<2);=-32	"*4^2);87 @"%$'&D-32	-	 &});84 H2F"x-32	ffi4 "x&3*06C&d&}	a$e-."M$56ffi ];fiNsQ2Hb+- ?7 x0>&`$
 

	84 ' +&}?2@$T-ffi)"%$'&D-/(*$A4 K2)"54 "M"
 
e2P4<2K(H4 ;Rw+&3T NE N
 
 
P4P +7 +?2@$X-)$A4 H2ff4 "M"
 
eM24<2ps  ffi 1+2	84 b
L
NP0NED N
	
 
   
 
oAowo
	 Hz>zHzHz>zHz>z+z>zRzRzKz>zHz+zKz>zz?z
 
o
	
+*+
+*+) +*+)*)
)
)*)%-*- )%-*-
-*- )
)*)
)*) +*+
+:+
+):)
)*)/-*-
-*-*- )
):)
)
):)
)*)
 
nHz.yAo>yFofffi	 flffi flffi ffi ffi fl!ffi ffi
 
nHz.yAo>yFo#"
	 fl fl$  ffi fl! ffi
 
nHz.yAo>yFo&%'	 fl fl$  fl$ 
 
nHz.yAo>yFo()	 fl! ffi fl$ ffi
 
nHz.yAo>yFo#*
	 fl! fl! 
+3-,.
 
 0/2103
b?-ffi( +7 "
 
eM4<2.;P$
 
p	84 4 +&}?2@$T-ffi)"%$'&D-/(*$A4 K27 .']+7 ")N
3045 6 @CGds >+B	 7 ;28OqMs @CB
r98
; :Uq 8
<>=@?>=BADCFEHG'IKJML2NO
P
 
 
 .&>;8&D-{3|>}ffiflnKz/yAo?fl*e1-)"	-@']C7  1
	wF"*4<2.;9$
 
psRQ 0 &-!.el3&5*:G"#1qffi)(*$'4 K2*r0NED N7;<N
q 4^2)(Eje 3e_-32@$1$ Hb ?7 3&3T$
 
3e
 
R7 &3&-)$M7 .-)"%$Q-P7 -/&;-* .-/&[$ ?0$
 
T0$R7 	84<2.;P"@ .-/(Ea+0 H
%
sN[
$
 
a .&>;8&D- x-ffi0@"VwF"#?0-!;R&-(-/&	@"g(C&d4E+4^2);#$
 
N0R7 	84<2);#"@ .-/(E\?0 H
%
s]4^2)(C7<w	84<2); 	>-32._
;87B4^2); /-)"#F"T->2	 	84 "-?7<7 eM4<2);4 "dR7 -)$a
	"/-)"#  .->4B&W")N
 
 
.'/->7<w.-)$A4 H2a4 "p.-."#
	 H2ff->7 ;-.&D-."U7B4P$
$
 
aH21@"M"
 
e294<2m1Kw.-)$'4 K2F"\T NX; 
FT NX; #a-32	T NX;I 
T0NPffDa0$3&"
 
- 1F"T->2	  V4 ?2?2.-#2+$g-)$'4 K2ffi[
&}F"@ 1F(*$A4 ']+7 6NfisV2.->7 >;ffHwF"!$,$
 
@"#{Hb+-( +7 @"
[E-32#->7 ;-.&D-ff0$3&0Y&3E{+2]C&;w6,()->7 (+w+7 -)$A4 H2#"g(
3&3@"
$
 
M"%$A&Gw)(*$*w+&D->7'+7 !+2@$%"leM4 $
 
$
 
C4<&;+21C&;w6x(
K2@$A&d4E?wF$'4 K2a@$g->4<21
	#0Y&p$
 
N$
 
C&5&ffi	w6>2/-ffi#4 (
+21C&;w6i .-/&D-+*$aC&W")N
 
 
a4E( +7 ff++2@$g-)$'4 K2mx-$@"xwF"#?01-,(
+4^2.-)$'4 K2 +0Ł$
 
@"#U$
 
&}1,->7 _
;-.&-."4<25-$A&d4E +7 `_6->7 ;-.&D- +0S$
 
0$3&5Cfi:+21C&;w6.[H"
 
- 1ffi[  Q4 +2>2.-x2?$X-)$A4 H2w<N
 
 
O@"X"#?2@$'4->7
 .-/&[$ ?0L$
 
94P +7 ++2F$X-)$A4 K2P4 "M$
 
z,*&)(*$'4 ']#0 w?2)(@$'4 K29Se
 
4 (
 
k 7 $%C&W"M$
 
97<4 "%$+0:X4<2@$aC&5+`_
	84 -)$a<!"dR7<wF$'4 K2F"U-32	g$E )"!+2F$'&d4 F"aeN4 $
 
7 e F"%$T0Y&3E +2]C&;w690$3&f.-.(
 
	84 "%$A4<2)(@$"
 
- 1fiN
Y
$54 "
	-.kO21
	e-)"Q0$K7B7 eh"
S
@
~ 
2
.x7x7x . UT F VS
/
@
~? .
@XWY
, [Z\
@
Z]^\@)_`fiZ .~ 
2
.x7x7x . UT F F F`[Fe
 
C&3
S/
@
~ S
2
.x7x7x . SaQ .p~ 
2
.x7x7x . UT? F VS/
@bY
_ Z\ 
@

2
.~ S
2
.x7x7x . Sa  F.p~ bcfl.x7x7x . Ua  F`[e
 
C&3
Y
_ Z\ 
@ @
4d.?4fl.4eF.&~ FAu~
@
4d.?4fl.4eFU
Y
_ Z\ 
@ @
4d.?4fl.4eF.&~
@gf
d.
f
.
f
e+F
2
.x7x7x .
@gf
d.
f
.
f
e+Fha  F



~
@gf
d.
f
.
f
e F
2
.x7xXx  . 4fl 
f
jiki 4dml
f
d
~
@
4d.?4.?4e F.
@gf
d.
f
.
f
e+Fnc).xXx7x  . 4fl 
f
jiki 4dpo
f
d
~
@gf
d.
f
.
f
e F
2
.
@bY
_ Z\ 
@+@
4d.4fl.?4e+F.&~
@gf
d.
f
.
f
eFnc).x7x7x  F  . 4fl\R
f

Uq&}@0C&W"e$ -32 :%4^2@$aC&5+
	84-)$%<"dK7<w@$A4 H2-32	 Sqc$]-32 :%4<2@$aC&5+	84 -)$a<C"
 
- 1`_  F$'4P->7 
"dR7<wF$'4 K2ffi[e
 
C&3 D"
 
- 1`_  @$A4E->7 a!)-32F"$
 
-)$4 $Q-)$6$X->4<2)"$
 
 :G"dff0d-/&$<M7 e @"%$0 &3E
+21C&;w6503&
4 $%"~"
 
- 1 N UqV-32	SqN-/&3&+$
 
+0E$
 
N$'&d4P +7 `_ 03& :+21C&;w6.[8"
 
- 1ff[' V4 +2?2.-T2?$X-)$A4 H2w<N
 
 

0 w?2)(@$'4 K2
WY
, XZ\T&3&']F"h"dR7<wF$'4 K2F"Q$
 
-F$
 
-']
 
4 ;
 
C&0 &3E+?21C&;w6x$
 
->2T$
 
T(+w+&d&3+2@$&U4^2+4Ex-?7
"dR7<wF$'4 K2  +7<w)"U$
 
e(
 
?"#+2x+2]C&;w6f&-32);g:UZ]r\@)_`sZ<N
 
 
c-/(*$*w.->7S4E ?7 !+2@$g-F$A4 H2?0N$
 

-?7 ;-.&D-)"p!+2@$A4 H21
	=4^2x$
 
4 "M"#F(*$A4 K2ff()-3210$Hw?2	=4^2ps  ff 1?2	84 b
L
N
   
	
 

<>=@?>= C
E L
	sNLHI
Y
0U2?$ ++2F$'4 K21
	~Hb +7<4 (C4 $'7 6`[h$
 
c0R7B7 eN4^2);i- ff ?7B4 (.-F$A4 H2F"e-/&3 .-."#
	SK2c$
 
 j?"%$ff-F"%$A&D-/(*$
"
 
- 1x$56ffi 1pT[Fe
 
4 (
 
;84 ']@"N$
 
P21@"%$A4<2);m?0
 
->4B&5 +4^27 ffi )"-32	iffw+7 $A4B7 ffi F")N

 

 

 
&D-32F"%0+& H
%
s~" :G$ H
%
sŁ"`<Ł-/&3\K2]\+0O$
 
a1F"%$1-32.->7 6)"#	 H
%
s 0d-U4<7B4 F")N Ł-/&d4 HwF"Hb ]C&d4E+?2@$6"
 
-']9&3.'].-?7 
	a$
 
 +4 K7 3;84 ()->7 -/(*$A4 '_U"%$A&dw.(*$Aw?&}*+0_$H
%
s~"e
 
4 (
 
4 "pC2e2,-."M$
 

	fffiffifl
"%$'&Gw)(*$*w+&3fiN
Y
2(
K2@$A&D-."%$a$ $
 
4 "
[\KwF$ +0(VV $H
%
s "#
1Rw]+2)(E@"b0Y& $
 
 
fl!fi#"
	>-)$X-.-."%$
/JIffiO1W[QH2+7 6r#
 
-'&$P-,(C7 ff'&$C&d7 $)-)0N-."$
 
$C4<&  .&'$	84 (*$($
	
")fl!
_Y"%$'&Gw)(*$*w+&*$ :W	>-)$X-c2+$"
 
e2w<N
 
 
$
+4 K7 >;R4 ()->7$`b +7 -32.-)$A4 H2P0$3&L$
 
4 "54 "
[ $
 
-)$M$ H
%
sŁ"p >"X"%$@"X"*jffi	R4 k+$
	f.-."%$@"\e
 
4 (
 
-`6H2#$
 
$
K2,$
 
-32	g,$c27 H2);-$C&()- .-+7 $+0_0$3&5U4^2);g.-."%$ /-?4<&W"
[^3&lH2#$
 
$ +$
 
$C&
 
-32	:-/&*$P-+7 $ff$
4<2@$($C&D-/(*$a4^2:- 	84 4.$C&*$+2@$*e_-`6N
 
 
4 "->7 $($C&W"ff$
 
$e0 &'$,$$+2,$C&;w6 ?0N$
 
$g .&'$	84 (*$($
	i(
K2@03&x-)$'4 K2
"@w)(
 
$
 
-)$4 $V&d4 "%$@"N-ffi'&$M$
 
$N0 &'$,$$+2,$C&;w6a+0O$
 
$!(+7 '/$C&d7 $)-)0 :W3& '>4 (0$ '/$C&W"-<.[H7 $*$6$'4^2);x$
 
$x7 -)$6$1$+&
-.(
 
4 $.'/$P$
 
$2$+2,$C&;-$*$A4 (.-?7  F$'4P#wff N0(3&_"%$A&Gw)(*$*w+&*$h .&'$	84 (*$A4 H2ffi[ e
 
$?2P$
 
$i&ffi	84 kH()-)$'4 K2F"U-/&*$
w?2ffC2e2ffi[3(?w+&d&'$?2@$  .&-/(*$A4 (,$4 "`$T()->7 (+w+7 -)$($N"@wff F$'4P->7@"%$'&Gw)(*$*w+&*$@"~0$3&-M(0$C&[$g->4<23$+2,$C&;w6x&D-32);-$
->2	a$c"@wffF"%$
1Kw,$+2@$A7 6a"%$.-/&(
 
:H64$.6$*>&NC6-,"*4E( +7 $  .-)$6$1$+&d2ix-F$X(
 
4^2);=-?7 ;ff3&d4 $
 
p<0$3&L$
 
$
(C7 ff'&$C&d7 $)-)0"%$'&Gw)(*$*w+&*$ 4<2e$
 
$7B4 "%$?0"@wff F$'4P->7 ")N (3&Q$ H
%
sŁ"5$
 
4 " 5$.->2)"U$
 
-)$U-Hw@$76ffi8 

9
8:8c"%$A&Gw)(*$*w+&*$@"
 
-'&$ff$g,$,(
 
$)(;$
	3N
 
:;R4 '&$P-324$`b+- +7 $
Y
(
 
>"%$#$
 
$<
fiffi=ffff?>-:@-fi
	#=ffffACBD"
EF
fi0fffi#:>#A G
$ H
%
s0$3&->7->2?4<2,$ :Y;F s
L
#'#ffrffiD#V3N7;/HffVffiI_`;I-IF<N
 
 
$  )&*$
	R4 (*$($
	
")fl!
_Y"%$'&Gw)(*$*w+&*$
4 "aK2,$
 
->4<& ?4<2eM4 $
 
$5el ?w+7 ;-$a-32	iK2&$c4<2@$($C&G2.->77 ffi [S-."a	-$ +4 (*$($
	f4<2I(H4 ;Rw+&*$mT0NPr:w<N
 
 
$
(C7 ff'&$C&d7 $)-)0L"%$A&Gw)(*$*w+&*$ff[H"
 
e2ff4<2 (K4 ;Rw+&*$aT0NPr:U	<h- ff ,$.-/&W"M-)$  ?"*4 $'4 K2)J,8-Ka4^2!$
 
$5$?2,$C&;w6x"d>&[$($
	
7B4 "%$?0LJ&M:M"@wff @$A4E->7 "
[ .&]	Rw)(0$	C6{3|>}ON:P+Q.yMN 9"*4^2);{>|>}+NnHz.yAoN[8;84 '&$@"L$
 
&*$0$Q"
 
- ,$@"Q4<2
->2R$+2,$+&W;6,&D-32);-$a?06()->7SHAjK7+-ff'&$!$
 
$
"2flT
+0 e
 
4 (
 
$
 
$#&D->2ffi\r
G
F
ff
E
4 "$
 
$(C7 '&$C&d7 $)-)0
"%$'&Gw)(*$*w+&*$fiN
 
 
$pKwF$` ?wF$N+0N{>|3}ONnHz.yFoUN->2	#$
 
$x"d1Rw?4 ;?;87 $m +7 +$%"N0$3&$
 
$
G
F
V
E
G
-/&*$x"
 
e2P4<2
(K4 ;Rw+&*$T NPr0N
W
ffiX  
3YRZ\[^]`_ ,
UaC
 b
$dc $,e	-$Df3-gC-
Y
_`; :Vh%$0$"qi$0jlk`m +n D NET NEDF<om h Dnepnqkrhe3m k(j
b
,$lk5es$0$#ntk5e ue:c k($DfVn&e,kmn,v
j
Ong?fRe,km On0h
[+e&f*e?n,j
b
$
	wh1kfGw,jkAw#f*$(:
>
c`<se?n	7ez&:f*$3h1k%e#c $xh1kfGw,jlk*w#f*$:
>
2
<e
b
m j
b
Re-mn#c 6
j
On0hlm h1kyh&#gsk5elqe	 *ze&j,$#nk
b
$Dc{m j0$0h)NjqOkfGw,jkAw#f*$  &f'$	Um jlk`m +nqm{n2e?n7$#n,$#f'v6|f}e?n,v-$*#g
9
j,e:cSH&c
&e&h%$
	 On~k
b
$~e ff &f?e/j
b
#ge0h1k`f}e&jkoh
b
e ,$hf*$.'&$,e:c $	k
b
f*$0$
G
F
V
E
G
e
b
m j
b
eDf'$~h
b
epnm{n
(Om vRw#f*$hT0NED :zeff< 
 :jw<N (+m vRw#f*$iT0NED:zeff<h
b
ehk
b
$
")fl!
_zh1kfGw,jlk*w#f*$ff[le
b
m j
b
j:ffff*$h@ +n	#h4ktk
b
$
e0g?f'$ff5$#nk`m +n,$
	dh1k`fGw,jlk*w#f*$
>
2
N
 b
$ok
b
m{f]	
G
F
V
E
:(+m vKw#f*$ T NED:j<C<Rh
b
eh7vffiffiffi	dj
?ffff*$h@ +n._
	-$#n,j0$kk
b
$|j
On0g$?f5e,km On
>
cflN (8w#fTk
b
$Dfe?n&e:c 6,hlm h
[e3m k
b
etf*$Dce@bD$
	d$#n,$Df*vw6qk
b
f*$h
b
Oc 	 #gxŁ
;j,e:cSHAjc &fffi	Rw&j0$
	J&M
G
F
V
E
G
e?n	|f*$.'&$,e:c $	4k
b
e0k
G
F
V
E
J0h:(+m vKw#f*$zT0NED:U	<d<pm h3$
1Rw&e:c-k
>
cflN
qOwff(e/fffm hlm{n,v7k
b
m h&5$,e?n0hk
b
e,kJ&M
G
F
V
E
G|b
e	ki,$Rj
b
$,j;$
	:w:nkm{c#k
b
j
?ffff*$0jlkjOng:f5Re@_
km On0hj
Hw#c 	 ,$4m 	-$#nk`m k+$
	0Nji$DfTg$?f5mn,v4k
b
$h;e5$e ff &f]ffie/j
b
&e&h%$
	Onj
 #c $lk($h@wff kmPe:c
g$c 	Um{n&v em k
b
Kwkxj
+n0hlm 	:$Dfffm{n,vdc On,$#c 6h&e&h%$  /e-m{f'h\elHw#c 	
b
e'&$ 5$,e?nkpj
b
$0jff&mn,vte ff &f]
b?mPe,k($Dc 6
?8:83.;8:8?82h1k`fGw,jlk*w#f*$h)N

	
 
  , 
Shape GGGCCCAUAGCUCAGUGGUAGAGUGCCUCCUUUGCAAGGAGGAUGCCCUGGGUUCGAAUCCCAGUGGGUCCA
[] (((((((((((((((.((((.....(((((((...))))))).))))))))))).........)))))))). -35.9 kcal/mol
[[][]] ((((((((.....((.((((.....(((((((...))))))).))))))(((.......))).)))))))). -32.2 kcal/mol
[[][][]] ((((((...((((.......)))).(((((((...))))))).....(((((.......))))).)))))). -31.7 kcal/mol
 #? "bP#? 	<WZ/afiPbfi'/
G
G
G
C
C
C
A
U
A
G
C
U
C
A
GUG
G
U
AGAGUGC
C
U
C
C
UU
U G C
A
A
G
G
A
G
G
A
U
G
C
C
C
U
G
G
G
U
U
CG A A
U
C
CCAG
U
G
G
G
U
C
C
A
!0fi
_! 
G
G
G
C
C
C
A
UAG
C
UCA
GUG
G
U
AGAGUGC
C
U
C
C
U
U
U
G C
A
A
G
G
A
G
G
A
U
G
C
C
C
UG G
G
U U C
G
AAU
CCC
A
G
U
G
G
G
U
C
C
A
U$V
5V`
G
G
G
C
C
CAUAGCUC
AGU
G
G U A
G A G U
G
C
C
U
C
C
U
U
U
G C
A
A
G
G
A
G
GAUG
CC
C U G G GU U C
G
AAU
CCCAG
UG
G
G
U
C
C
A
U`R
G`
+fiff-,.
 
 0/ffifl03
.f*$
	Um jlk($
	
G
F
V
E
G
g$?fR<
fiffi=ffV:>-?@#fi D=ff0 ACBD"
EF
fi, fi#?>#A G
k H
%
s _ye:cem{nte?n$#n&$Df*vw6
f*e?n,v:$z#g 6hj,e:cSH&c?eff'&$k
b
$
"2fl!
N
 b
m hp$#n,$Df*vw6of*e?n,v:$
b
c 	#hJ,M?M4h1k`f"!&jlk#!-f'$0h)N
Y .
aC 0aC%$&$ 
.

 $ 
('j1
-!ffe?n5h@e:c cUn)!,jDc $,e/ffi:Vhnw< H
%
s+* |m hpe:nR$h(h%$#n0kme-c  &e/fTk-g.k
b
$h@ #c{m j0$
:hd$e:n	g?f5h kF'&$
h1k1$\_%c  0h
[ -ge
b
m j
b
g,!#fe/f*$  ,f*$h%$#n0km{nk
b
$  ,f*$
	Um jlk($
	$#n,$Df*vw6
_  k`mERe-ch1k`f-!,jlk.!#f*$:(+m v/!#f*$
T0NPT:zeff<d<N
 b
$ h%$0j
+n	
G
F
V
E
 -h(h%$0h(h%$he-c{c@kF'&$h1k($5he?n	e:npe	ff	Um km On&e:c&j0$-nkf}e:c
b
$#c m b(:(+m v/!#f*$
T0NPT:<d<N3s hxh
b
epnm{n (+m v,!#f*$T0NPT[.e7k
b
m{f	|h
b
effi &$om h( &f*$h%$#nkm{nwk
b
$on,$&e/fX_  k`mERe-cOh1k`f-!,jlk.!#f*$
h@ &e/j0$ e
b
m j
b
mP #c{m $hh1k`f-!,jlk.!#f}e-c '/e/fffmeffi-m c m k56N
 b
$rh;e5$~k
b
f*$0$uj
+ng$?f5e,k`m +n0h
b
e'&$ ,$,$#n
 ,f*$
	Um jlk($
	 /e,h%$	mOnk
b
$0fi1325476ON?N2e ff &f?e/j
b
:Uq+$,jlkm OnzD NPT0NIA<N^On
'&$Df'h%$Dc 6.[k
b
$h1kf-!,jk#!#f*$(#g
*^4hnH
%
s m h3h8!ff ff :h%$
	2ki,$4mP ?fTk(e?nk^g$?fm kyhpj
?ffff*$0jlk3g!:n,jlk`m On4e?n	[+k
b
$#f'$g$?f*$ff[m k h
b
,!#c 	
b
e'&$5$@'c '&$
	7k4$Hb#jDc9!	:$$
1/!&e:c c 6h1k(e#c $*)!k 	Um h(hlmEm{c e/fj
On0g$?f5e,km On0hmn3e
b
m j
b
m k^j
fi!#c 	2v:$lk
kf}e ff ,$
	 e:n	dk
b
$Df*$C6um{n&e/jlk`m '/e,k($
	3N
 xb
$h@ #c{m j0$-hd$dm h)ef	w6:n&em je&h(h%$#c 6"#gxhnH
%
s h
: *-;ff[;* [;*^D[;* T[;* I<2e?n	 n)!ff$Df,!0h|e&h(hd?jDm e,k($
	! &f#k($Dm{n,h / IffiV1 N -L$#n,j0$ffi[3ehdOc9!k`m +nk k
b
$
effi'&$j
On0kf}e	Um jkm Onj
fi!#c 	i&$ff[k
b
e,kk
b
$Re/jlk`m '&$Rj
+ng$?f5e,k`m Onp-g<* whnH
%
sv-$kyhh1k(e#m{c m h%$
	
C6Rk
b
$h%$ H
%
s h3e:n	i ,f#k($Dmn0h)N
304+3 =
8?> @ 8
; :
> @
:;BA
>
<>=@<>=BA C LEDGF
(?fe?n@6 H
%
s h%$
1/!,$-n,j0$IH[ k
b
$n)!ff(,$Dfl-gh8!ff kmPe:ch1kf-!,jk#!#f*$hvf]ehR$Hb +n,$#nk`m e:ce3m k
b
k
b
$4h%$1/!,$#n,j,$c $-n,vDk
bKJ
/JTfl1e&h3es$Dc ce&hje3m k
b
k
b
$4j
+n0hlm 	:$Df*$
	d$#n,$Df*vw6tf}e?n,v-$|effi'&$wk
b
$
"2flT
N
H $lgff$Dffff mn,vrkSqi$0jlk`m +nfT0NED NE[k
b
m hi5$&e:n,hk
b
e,kg:feh%$
1/!,$#n&j0$f-gzj	-$Df}e,k1$dc $#n,vDk
b
[^h8!,j
b
e,hk
b
$qc $,e	-$Df-g -
Y
_`;h:7LiJn0kC<`[ e?n	ef*$,e&hdOn/effi-c $q$#n,$Df*vw6|k
b
f'$0h
b
c 	f-g3Ł ;j&e-c H&c+k
b
$
   
	


G
G
T
CT
CT
C
T
G
G
T
T
A
GA
C
C
A
G
ATT
TG
A
G
C
C
TGG
G
A G
C
T
C
T
C
T
G
G
C
T
A
A
C
T
G
G
G
A
A
C C
C
A C
T
G C
T
TAAG
C
C
T
CAA
T
A
A A G
C
T
T
G
C
C
T T
G
A G
T
G
C
T
T
C
AAG
T
A
GT
G
T G T
GCC
C G
TC
TG
T
T
G
T G
T
G
A C
T
C
T
G
G
TAAC
TAG
A
G
A
T C
C
C
T
CA G
ACCC T T T T
A
G
T
C
A
G T
G
T
G
G
A
A
A A
T
CT
C
T
AG
C
A
GT
G
G
CG
C C C
G A A
CAG
GG A
C
T
T
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
G
G
AG
CT
CT
CTC
G
A
CGC
AG
GA
C
TCG
GC
T
T
G
C
T
G
A
A
G
C
G
C
GC
A
CG
G
C
A
A
G
A
G
G
C
G
A
G
GG
G
A
 
_!    	
 $_ <
fiffflfiffffififffiffffffiff
! 
G
G
T
CT
CT
C
T
G
G
T
T
A
GA
C
C
A
G
ATT
TG
A
G
C
C
TGG
G
A G
C
T
C
T
C
T
G
G
C
T
A
A
C
T
G
G
G
A
A
C C
C
A C
T
G C
T
TAAG
C
C
T
CAA
T
A
A A G
C
T
T
G
C
C
T T
G
A G
T
G
C
T
T
C
AAG
T
A
GT
G
T G T
GCC
C G
TC
TGTTG
TG
T
G
A CT
C
T
G
G
TAAC
TAG
A
G
A
T C
C
C
T
CA G
ACCC T T T T
A
G
T
C
A
G T
G
T
G
G
A
A
A A
T
CT
C
T
AG
C
A
GT
G
G
CG
C C C
G A A
CAG
GG A
C
T
T
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
G
G A
G C
T
CT
CTCGA
CG
CA
GG
A
C
TCG
GC
T
T
G
C
T
G
A
A
G
C
G
C
GC
A
CG
G
C
A
A
G
A
G
G
C
G
A
G
GG
G
A
!0fi 
5V`   "#
$%'& ($V )<*
fiffffiffi+ffflfifffl+ffffiffffflfiffff
G
G
T
C
T
C
T
CTG
G
T
T
A
GA
C
C
A
G
ATT
TG
A
G
C
C
TGG
G
A G
C
T
C
T
C
T
G
G
C
T
A
A
C
T
GGGAACCCACTGCTTAAGCCTCAA
TAAA
G
C
T T G C
C
T T G A
GTG C
T TCA A
G T A G
T G T G
T GC
C C
G
T C T G T T G T G T G
A C
T
C
T
G
G
TAAC
TAG
A
G
A
T C
C
C
T
CA G
ACCC T T T T
A
G
T
C
A
G T
G
T
G
G
A
A
A A
T
CT
C
T
AG
C
A
GT
G
G
CG
C C C
G A A
CAG
GG A
C
T
T
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
GG
AG
C TC
TCT
CG
ACG
CA
GG A
C
T
CGG
CTTGCTGAAGCGCG
CA
CG
GC
AAG
AG
GC
G
A
G
G
G
G
A
$_
G`    	
,% ($_ <
ffi+fffl+ffflffififfffififffiffffffifffl+ffffiffff
G
G
TC
T
CT
C
T
G
G
T
T
A
GA
C
C
A
G
ATT
TG
A
G
C
C
TGG
G
A G
C
T
C
T
C
T
G
G
C
T
A
A
C
T
G
G
G
A
A
C
C
CACTGCTTAAGCCTCAA
TAAA
G
C
T T G C
C
T T G A
GTG C
T TCA A
G T A G
T GT G T G
C C C
G T C
T GT T
G TGTG
A C
T
C
T
G
G
TAAC
TAG
A
G
A
T C
C
C
T
CA G
ACCC T T T T
A
G
T
C
A
G T
G
T
G
G
A
A
A A
T
CT
C
T
AG
C
A
GT
G
G
CG
C C C
G A A
CAG
GG A
C
T
T
GAAAG
C
GA
AA
GG
G
A
AA
C
C
A
G
A
G
G A
G C
T
CT
CTCGAC
GC
A
GG
AC
TC
GGC
T
T
G
C
T
G A A
G
C
GCG
C
A
C
G
G
C
A
A
GAGGCGA
GGG
G
A
U`P
#6 "a  	
- ($V )<*
fifffiffflffififfflfifffiffffifffffl+ffffifffl+ffffiff
.
c
+fiff-,.
 
 0/! fi3
q !ff0h%$lk3-gk
b
$ ;V  ,f*$
	Um jlk($
	
G
F
V
E
G
g?f -
Y
;`_%c $&e	:$Df^mnwe?n7$#n&$Df*vw6|f}e?n,v-$ -gŁ
;j,e:cSHAjc?eff'&$Rk
b
$
"2flT/

	

  
A
TC
G
C
T
T
C
T
C
GG
C
C
TTT
T G
G
C
T
A A
G
ATCAA
G
T
GT
A
G
TATC
T
G
T
T
C
TT
A
T
CA
G
T
T
T
A
A
T
A
TCTGAT
ACG
T
C
C
T
CT
A
T C
C
G
A
G
G
A
C A
A
T
A
T
A
T
T
A
A
A
T G
G
A
TTT
TT
G
G
A
G
C
A
G G G A GAT G G A
ATAG G A G
C T
T
GCT
CC
GTC
CA
CT
CC
A
C
G
C
A
T
C
G A
C
C
T
G
G T A T
T
G
C
AGTAC
C
T
C
C
A
G
GAA
C
G
G
T
G
CA
C
C
 
_!     ,ffi&   - 	
fi
fifffl+fffl+ffflfiff
A
TC
G
C
T
T
C
T
C
GG
C
C
TTT
T G
G
C
T
A A
G
ATCAA
G
T
GT
A
G
TATC
T
G
T
T
C
TTATCAGTTT
A
A T A T
C T G
A T AC
G
T
C
C
T
CT
A
T C
C
G
A
G
G
A
C
A
A T A T A T
T
A
A
A
T
G
GA
TTTT
TG
G
A
G
C
A
G G G A GAT G G A
ATAG G A G
C T
T
GCT
CC
GTC
CA
CT
CC
A
C
G
C
A
T
C
G A
C
C
T
G
G T A T
T
G
C
AGTAC
C
T
C
C
A
G
GAA
C
G
G
T
G
CA
C
C
10fi
5V`     , 
- 
fi
fifffiffflfifffiffffifffiff
ATCGCTTCT
CG
G
C
C
TTT
T G
G
C
T
AAGATCAAGT
G
TAGTATC
TGTTC
T
TATCAGTTT
A
A T A T
C T G
A T ACG
T
C
C
T
CT
A
T C
C
G
A
G
G
A
C A A
T
A T
A T
T A A A T
G
G A
T T
T T T
G G A
G C
A G
G G A GAT G G A
ATAG G A G
C T
T
GCT
CC
GTC
CA
CT
CC
AC
G
C
A
T
C
G A
C
C
T
G
G T A T
T
G
C
AGTAC
C
T
C
C
A
G
GAA
C
G
G
T
G
CACC
$_ 
G`   ,$ffi- 
fi
fifffiffffiffi+fffl+ffffifffl+ffffiff
+fiff-,.
 
 0/2 03
.f*$
	Um jlk($
	
G
F
ff
E
G
g$?f
b
!ffe?n * hnH
%
s m{n|e?n)$#n&$Df*vw6f}e?n,v-$m-g
9
{ 2A)ff,,
effi'&$k
b
$
"2flT/
   
	


n)!ff&$Df #g3h8!ff kmPe:c h1kf-!,jlk.!#f*$h4$HbDj0$,$
	#h4?8:8;8:8?8$@'&$#ne
b
$#ntf*$h1k`fffm jlk`m{n,v~kth1k`f-!,jlk.!#f*$h
em k
b
,!k4m hdOc e,k($
	 &e&h%$h /e-m{f'h
/gY
n)j
On0kf}e&h1kRkqk
b
m h
[k
b
$n)!ff(,$Dffi#g
G
F
V
E
G
m hoJ&M[ e?n	qk
b
!0h
h1k(e`6&hhlm vn-m k+j,e?nk`c 6)h@Re-c{c $Df
/*Y
n*:f	-$#fktf*$.'/$,e:cQj?f*$v-$#n&$Df}e-c^ ,f &$DfTkm $he,!kpk
b
$wvUfesk
b
,$
b
e'-m ,!#fQ#g k
b
$^g$c 	Um{n&vh@ &e/j0$ H	Le?n	5k
b
$ h
b
e ,$3h@ &e/j0$
 H	`[?h%$
1/!,$-n,j0$hg f] k
b
$
fl!fi#"
	:e,k(e&&e&h%$/JIffiO1Fes$Df*$e?n&e:c 6&h%$
	\e3m k
b
c $#n,v#k
b
h f}e?n,vUm{n&vxg f ffi8
9
8:87nkmne?n $#n&$Df*vw6Rf*e?n,v:$-g 6
;j,e:cSHAjc!0hlm{n,vxh
b
e ,$k56ffi &$ T
/
s 	ff	Um km On&e:c{c 6`[?h%$
1/!&$#n,j0$h #g c $#n,vDk
b
J&8:8nk g:f$#n,$#f'v6xf}e?n,v-$h
gzf 8 J,8;j,e:cSHAjce$Df*$p$Hb#emn,$
	kwf*$.'&$,e:c,k
b
$mn !,$#n,j,$3#g k
b
$p$-n,$Df*vw6f}e?n,v-$
/
shec e&h1k
$Hb ,$DfffmP5$#nk@[
Y
$h1kmPe,k($
	qk
b
$"&e&h%$#g^k
b
$)$`b On&$#nk`m e:c $Hb &f*$h(hlm +nf*$Dce,kmn,vtk
b
$n)!ff&$Df #g
h1kf-!,jlk.!#f*$hN:e3m k
b
,!ksm hdOc e,k($
	z&e&h%$3 &e:m f'h`<e?n	ph
b
e ,$0h :ffk56ffi ,$ TA<`[ffif*$h@ ,$,jlkm '&$Dc 6`[:k3k
b
$h%$1/!,$#n,j,$
c $#n,v#k
b %
: H
Y
Z H 2fiffffifl )	Q[)H
Y 
Z!
" H	# 2v$fl +% <
/
(?fOk
b
m hfi 5!#f5 -h%$
Y
j
( )!k($
	k
b
$
n)!ff&$Df #gpe-c{c^ :h(hlmE#c $oh1k`f-!,jlk.!#f*$h2e:n	h
b
e ,$hg?fpf*e?n	ffi h%$1/!,$#n,j,$h*-g '/eDf m ,!0h)c $#n,v#k
b
h
/
Y
j
b
:h%$
9
8 h%$1/!,$#n,j,$hg$?fx$,e/j
b
c $#n,v#k
b
flg$?fpk
b
$th
b
e ,$de?n&e:c 6,hlm h|e,k|c $#n,vDk
b
J0?8 +n#c 6 On,$
	:e,k(e  Om{nkee,h|j,e:c j !#ce,k1$
	 	,!,$tkuj 5!k(e,k`m +n&e:cLjOn0h1k`f}e-mnk1h
/
(+m v,!#f*$h T
/
I:zeff<4e?n	 :w<
m c c !0h1k`f*e,k($k
b
$hlc e$#f :d)!k h1k`m c{c$Hb +n,$#nk`m e:c <vUfek
b
-g
 H	 j
 &e/f*$
	k H e3m k
b
vUfe3mn,v
h%$
1/!,$#n&j0$wc $#n&vDk
b
m{nRe?n5$#n,$#f'v67f}e?n,v-$&#g6 { 2A)ff,  ,+e'/$pk
b
$
")fl!/
(?f e5vf]e3m{n&vw$-n,$Df*vw6
f*e?n,v:$j5!k kbD$
	xh%$
1/!,$#n&j0$Rc $-n,vDk
b
[	
" H	vUfeh hlc e$#f :)!0k h1km{c c0$Hb +n,$#nk`m e:c <k
b
e?n H	`[/kffi
:W	:e,k(e)n#k h
b
e3n<
/  b
$wf}e,km #g h
b
e ,$0h k4h1k`f"!&jlk#!-f'$0hRm h 	-$0jDf*$,e&hlm{n&v :ze&h6ffi( k-km j,e:c c 6< e3m k
b
vUfe3mn,vth%$
1,!,$#n,j0$tc $#n&vDk
b
e,hje$Dc{ce&h\e3m k
b
vUfe3m{n,vt$-n,$Df*vw6tf}e?n,v-$":h%$0$ (Om v/!#f*$hT
/
I:j<5e?n	
:W	<d<
/  xb
m h e:c hdx$Hb &f'$0h(h%$hLk
b
$ 	Um 4.$Df*$#n,j0$h^m{nvUfek
b
f}e,k($h-,$lk5e$0$-n$
 H e?n	 H g$?f$Dm k
b
$Df
h%$
1/!,$#n&j0$c $#n&vDk
b
?f $#n,$#f'v6|f}e?n,v-$
/
(+m v/!#f*$ T
/
I:$<h
b
ehpk
b
$('&$Df}e:c c n)!ffi,$Df #gh1k`f-!,jlk.!#f*$h
e:n	h
b
e ,$hg?f f}e?n	ff h%$
1/!&$#n,j0$hN#g mn,jDf*$,e&hlm{n&voc $#n,vDk
b /  b
$Dm f e ff &f@bffimEe,k`m +nzC6pg !-n,jlk`m +n0h
$Hb +n,$#nk`m e:c mn7h%$
1,!,$#n,j0$c $#n,v#k
b %
vm '&$h$h1k`mEe,k($hpg:f H
Y 
Z!& H'pe?n	 H
Y 
Z!
" H'
/& b
$
e:n/e-c 6,h%$hRf*$h8!#c k1$	qm{n H
Y
Z H	

8x 8-K(flpJffix{K

e?n	 H
Y
Z
 H	

8x{J)flpJx!J

/
<>=@<>= * I Jl'O ImEHI G,+
 b
$Rh1k`f-!,jlk.!#f*$Rh@ &e/j0$p#g H
%
s m h	-$0h%jDfffmE,$
	 C6Rk
b
$wn#k`m +np#gn,$Dm v
b
fi!#f
b
ffi	
/&Y
kpm hj
(j+n
 ,f}e/jlk`m j0$k !0h%$tk
b
$  &$#n#m{n&v e?n	jDc -hlm{n&v -g(&e&h%$S &e:m f'he&h2k
b
$ n&$Dm v
b
,!#f
b
ffi	 f'$#c e,km Onffi[
5$,e?n#mn,vRk
b
e,k^n,$Dm v
b
fi!#fffm{n,v4h1k`f-!,jlk.!#f*$h 	Um 4 $Dfm{n$Hb-e&jkc 63On,$p/e,h%$a /e-m{f
/
she,g:f*$$#nk`m +n,$
	[
k
b
m hxj,e?nm,$ !0h%$
	ok)j#c e&h(hlm g 67h1k`f"!&jlk#!-f'$0he&hc :j&e-cQ:W?f vUc &e:c <amn#mERe[ 5$(,$Df'h#gse'/e:c{c $.6.[
:f5h;e	ffi	Uc $  mnk1htm{nk
b
$$#n,$#f'v6ce?n	#h%j,e ,$
/  b
$un,$#m v
b
,!#f
b
ffi	 f*$Dce,km On0h #gk
b
$h
b
e ,$
h@ &e/j0$te/f*$te	ff	Um k`m +ne?n	f*$jff'/e:cQ#gpk
b
$qh1kf-!,jk#!#f}e:c.$#c $$#nk1hk
b
e,kwe/f*$qj
On,hlm 	-$Df*$
	 H6k
b
$
e&jk#!&e:c h
b
effi &$~k56ffi ,$
/
(?fxk
b
m h~f*$,e&hdOnffi[pk
b
$dh
b
effi &$ effi,h1kf}e/jlk`m Onrhd5$
b
e j
( ,f*$h(h%$0h|k
b
$
h1kf-!,jlk.!#f*$c e?n	-h%j,e ,$m{nwk($Df5xh\#g3f*$ #ce/jDm{n,ve('/e:c c $@6 -g:de?n@6<^h1k`f-!,jlk.!#f*$h&em k
b
e*'/e:c{c $.6#g
:(n#khdfe?n@6ff< h
b
e ,$h
/ %
-k1$k
b
e0kpRe:n
6`[ $.'&$-n|n+n._;n,$Dm v
b
fi!#fffm{n,v~h1k`f-!,jlk.!#f*$`_W'/e:c c $.6,h m v
b
k
v-$lkj-m{n,$
	m{nzOn&$h
b
e ,$`_W'/e:c{c $.6
/  b
$Rh
b
effi &$h\#g k5e qn,$Dm v
b
,!-f mn,vqh1k`f"!&jlk#!-f'$0hxe/f*$$Dm k
b
$Df
k
b
$^h;e5$ff[,$Dc On,vxkpk
b
$h;e5$h
b
e ,$fi'/e:c c $.6?fQ,$Dc On,vxkn,$Dm v
b
fi!#fffm{n,vh
b
effi &$ '/e:c c $.6,h
/  xb
$Df*$
m hn  -h(hlmP#m c{m k56k
b
e,k k
b
$Dm{fh
b
e ,$0hN&$Dc +n,vRk7nOn._;n,$#m v
b
,!#fffm{n&v4h
b
e ,$N'/e:c c $.6,h
[ffie
b
$Df*$,e&hpnOn._
n,$Dm v
b
,!-f mn,vqh1k`f"!&jlk#!-f'$0hpe`6
b
e'&$4n,$Dm v
b
fi!#fffm{n,vh
b
e ,$0h
/
 
	

   _
0
50
100
150
200
250
300
350
400
0 50 100 150 200 250 300
N
r. 
of
 S
tru
ct
ur
es
/S
ha
pe
s
Sequence length [nt]
Shapes
Structures
	
E  "a  ! #fi$% "#G'/bfi$?'G'?b
?affPbfi'fi?bfffi$_'flffi  "a '!#V'65V$_'  '5fi7" a
$#5ff#G7&%'(P5fi7#*) 	
+
,
1
10
100
1000
10000
100000
1e+06
0 50 100 150 200 250 300
N
r. 
of
 S
tru
ct
ur
es
/S
ha
pe
s
Sequence length [nt]
Shapes
Structures
!0ff
-E" a  ./"1032"405+#6?bffff2#fi+#,/b
?affPb3#?bffff2,#.ffi " a4#,!703#5ff2,#  #65V7&"Fa
$#53#&G7%8(P5V75#9) 	
fi  P7^
42 #3
,
0.0001
0.001
0.01
0.1
1
0 50 100 150 200 250 300
R
at
io
 o
f S
ha
pe
s 
to
 S
tru
ct
ur
es
Sequence length [nt]
$2
xYLaffPb3# &Y:"1032"0+#;("ffi   < 7=E.^
ffi5fi7fi4#,!703#5ff2,#  #5V7&" a>?#5ff#G7&%>(P5fi7#
) 	
+

1e-05
0.0001
0.001
0.01
0.1
1
0 2 4 6 8 10
R
at
io
 o
f S
ha
pe
s 
to
 S
tru
ct
ur
es
Energy range above mfe [kcal/mol]
U`5
XYLaffPbff# PY7"10ff2@"0+#A("ffi   < 7=Effi5fi7
#653#(7%B(P5V75#C/DFE #
ffi
<
,
0.01
1
100
10000
1e+06
1e+08
1e+10
1e+12
1e+14
1e+16
1e+18
0 20 40 60 80 100 120
N
r. 
of
 S
tru
ct
ur
es
/S
ha
pe
s
Sequence length N [nt]
Structures
Shapes
0.0391 * 1.3968912N
0.2064 * 1.1067094N
$#
 HGff#&( 5003#&  >/"4I032@"05+#A+#,/b=
/aPb3#J  P7^$K23 #
Affi " a 7 ELffi 5V7MK#%^
!=0ff#532#  #5fi7" a
+fiff-,.
 
 0/  03
^ &eDf m hdOnz-g g$Oc 	Umn,v)h@ &e/j0$7e:n	2h
b
e ,$h@ &e/j0$ :&e&h%$
	m+nh
b
e ,$k56ffi &$pTA<
/
sc{c
vUf}effi 
b
hph
b
e k
b
$Rhlc es$Df vUfek
b
#g k
b
$Rh
b
e ,$Rh@ /e&j,$j
( &e/f*$
	wkwk
b
$Rh1kf-!,jlk.!#f*$h@ /e&j,$
/
 1  
	

 
304   @; >+G > :?>
>
8 @	
@98
; :
>
8
<>=
j=BA  ImP  N# NLHI
Y
n"q+$,jlkm Ongr
/
D
/
;ff[m kom h7h
b
epn
b
e k
b
$  &e/fTkm km Ong !-n,jlk`m +nj,e?n ,$ !,h%$
	~krj&e-c j !#ce0k($k
b
$
 ,f/effi-m c m k56 #gpe:nm{n	m '-m 	/!&e:c h1kf-!,jk#!#f*$
/
s h7e:c{f'$&e	6f5$-nkm On,$	[ k
b
$
"2fl!
_zh1kf-!,jk#!#f*$qe:c ese`6&h
b
e&h k
b
$
b
m v
b
$h1k &f&e#m{c m k56
/- b
$& &f&e#m{c m k`m $0h #gm{n	Um '-m 	/!&e:c&h1k`f-!,jlk.!#f*$h 	-$0jDf*$,e&h%$ e3m k
b
c +n,v-$Df
h%$
1/!,$#n&j0$h
[Le&hpk
b
$k#k%e:ce?n	n,$,e/fX_  kmPe:c n)!ff(,$Dfl-gsh1k`f-!,jlk.!#f*$hmn,jDf*$,e&h%$h
/
(%!#fTk
b
$Df5j?f*$ff[
eh%jDm $#nk`m h1kim v
b
kon-k,$~mnk1$#f'$0h1k1$
	 m{nqk
b
$  &f]&e#m c{m k56 #g3On&$h@ ,$0jDm k+jh1k`f"!&jlk#!-f'$ffi[\)!k|m{n
k
b
$  &f&e#m{c m k56g#gRetjDce,h(h-gxhlmEm c eDfh1k`f-!,jlk.!#f*$h
[h8!,j
b
e&hk
b
-h%$
b
e
':m{n,vdk
b
$qh;e5$|h
b
e ,$
/
 b
m h^h8!,v-v:$h1kyh k2mE( #c $ff5$#nksk
b
$5j&e-c j !#ce0k`m +nz#g k
b
$( &e/fTk`m k`m +nxg !-n,jlk`m +ne?n	w$(,$
	2m k3m{nk
b
$
effi ffi ,f?e/j
b
#ge0h1k`f}e/jlkh
b
effi &$h
/
$#n,$#f*e:c{c 67h@ ;$#n[+k
b
$  &f&e#m{c m k56#g h
b
effi &$m hk
b
$Rh8!ff #g
k
b
$  &f&e#m{c m km $h&-ge:c c:h1k`f-!,jlk.!#f*$h
/
9 
∑
fiff
9fl	 :WT
/
ffiTA<
s n/e-m '&$Re-c vff?fffm k
b
 &e&h%$
	 On5k
b
m h $
1,!&e,km Onaelfi!#c 	wj,e:c j !-c e,k1$k
b
$( ,f&e#m c{m k56#g $,e/j
b
mn	Um ':m 	_
!&e:ch1k`f-!,jlk.!#f*$e?n	h8!ffi k
b
$h%$
/
-L$#n,j,$ff[Lk
b
m he:c vff?f m k
b
 elfi!#c 	h8! 4 $Dfg f k
b
$)$HbA On,$-nkme:c
$Hb #c -hlm +nae$ee:n0kkwjDm f*j !ffi\'&$#n0k em k
b
k
b
$e ff &f?e/j
b
#g e0h1k`f*e/jlkh
b
effi &$h
/
sjDc -h%$Dfsc xe,k
1/!&e,k`m +n*r
/
I|h
b
eh
 xb
$m &eDf!k`m k`m +ng !-n,jlk`m +nm h3k
b
$h8!ff -g k
b
$
L
c kffiRe?n-npe$Dm v
b
k($
	ogzf*$0$
$#n,$Df*vUm $hp#ge-c{ch1kf-!,jlk.!#f*$ha#gsk
b
$h1k`f-!,jlk.!#f*$7h@ /e&j,$ & H
/ b
$gzf*$0$w$#n,$#f'v6 -ge?n|m{n	Um '-m 	,!&e:c
h1kf-!,jlk.!#f*$2m hk
b
$h8!ff -g k
b
$$#n,$Df*vw67jOnk`fffmE)!k`m +n0h! #"  -gse:c c:h1k`f-!,jlk.!#f}e:cU$Dc $5$-nkyh$"%
/
 b
!0h
[ 1/!&e,km Onr
/
I)j,e?n,$wf*$`_We3fffm kyk1$#nwe,h
& 
∑

ff('*)#+
Z-,
P
./1023
.4
56
:WT
/
I<

∑

ff('*)#+
∏
7
#
Z
,
23
.84
5 6
:WT
/
:IA<
e
b
$Df*$
>
m hk
b
$ !-n#m '/$Df'h;e-c v:e&hRj
On0h1k%e?nk:+#
/
#'#;VffiO:I;,ISj,e:cSH:9<e?n	<; k
b
$wk1$>=@?,$Df}e,k.!#f*$qm{n
9$Dc '-mn
/BAb
m h$
1/!&e,k`m COn|h
b
Ceh
b
Ce k
b
$D?&e/fTkm km COn2g !-n,jlk`m C+nm hRjECF=@?)!k($EG~f*$0j !-fThlm '&$Dc 6qe&hxk
b
$
h8!>=HC#gk
b
$I?,f8CJG,!,jlk1hC#gk
b
$
L
COc kKffiL=e?n-n*e$Dm v
b
k($EGt$#n,$#f'v6ojECOnk`fffmflM)!0km COn0hBC#gk
b
$7h1k`f-!,jlk.!#f}e:c
$Dc $L=$#nk1hNC'&$Df e:c c:h1k`f-!,jlk.!#f*$h
/
Y
=@?#c $L=5$#n0k1$EGtm{n*sRQO k
b
m h\6-m $Dc G-hRe?n2e-c v-$LM&f}ee
b
m j
b
= !#c kmP?#c m $hxk
b
$
L
Cc kKffiL=e?n-ne$Dm v
b
k($EG
$#n,$Df*vw6rjECOn0kfffmflM5!km COn0hDC#g5k
b
$h1kf-!,jk#!#f}e:c $Dc $>=5$#nk1hoe?nQG !,h%$h)h8!>==e,km COnte&hwk
b
$RCSM,*$0jkm '&$
g!-n,jkm COn
/Ab
$^v>C?e:c/m hkTCjECS=?)!k($h
b
eU?,$h kKC?v-$lk
b
$DfFe3m k
b
k
b
$Dm fV?&f8CSM&eUM#m{c m km $h
/Ab
$W?,f8CSM/eJM-m c m k56
C#g3h
b
eU?,$X m h2m k1hjEC+nkfffmPM)!k`m COnR&
ff
kKCtk
b
$R?&e/fTk`m k`m COng !-n,jlk`m C+nIGUm '-m G:$EGYMC6)k
b
$)g!#c{cZ?/e/fTkm km COn
g!-n,jkm COnB&
/
9 
&
ff
&
:WT
/
ffiOA<
-[Ce j,e?n e$4jECF=@?)!k($\&
ffE]
Ab
$)e?n0hes$Df3m h5kKCjECF=@M#mn,$wk
b
$4h
b
eU?,$nQC-k(e,k`m C+noe-c v-$LM&f}eme3m k
b
k
b
$^?/e/fTkm km COng !-n,jlk`m C+n7e:c v-$LM&f}eom{nRh8!,j
b
eaese`6Rk
b
e0k@[+$&e&j
b
kmP=5$m{nk($Df_=5$EGm e,k1$Rh`COc9!k`m C+n0h
b
e'&$
 
	

   /fl
                          
							
																			
	
,   < ffff#?
 
fiff
 5) & 
fi 
% ,ffi 
) 

                     
							
						   
											

ff/  < ffff# 
ffi+fffl+ffffiff
 ffi-% - 	
fifi 
% 
ffi
ffi&flffi$<)
          ffi				       
							     
					
						
?23
/ ;< 3# 
ffififffifffiffffiff
  %ffi $ 	
fi 
   - ,-ffi$ffi&
+fiff-,.
 
 0/  03 
F
V
E
G
C#g3k
b
$)k
b
f*$0$<=%C:h1kB?&f8CSM&eUM#c $h
b
eU?,$hBC#g3k
b
$~<"!
EOF
fi0fffi#:>#A G
kH
%
s_ye-ce
kKC?v-$lk
b
$Df e3m k
b
k
b
$^?&f8CSM&eUM#m{c m km $h%C-gLk
b
$Rh
b
eJ?&$hz:Vh`C?fTk1$EG MC64m{n&jDf*$,e&hlm{n,v$#n,$Df*vw6ff<
/
k
b
$7h;eU=5$h
b
eJ?&$ff[ k
b
$Dm{f
L
Cc kKffiL=e?n-ne$Dm v
b
k($EG$#n,$Df*vUm $he/f*$4e GJG-$EG !>?
/%Ab
m h5jECF=@M#mn&e,km COnm h
e&j
b
m $.'/$EG !0hlm{n,v7k
b
$5h`Cwj&e-c{c $EGI?&f8CJG/!,jke:c v-$LM&f}e / I#fl1W[Ae
b
m j
b
m heRv-$-n,$Df}e:cF=5$lk
b
CUGkTC7jECF=@M#mn,$
k5eC e:c v:$LM,f}e&h
/ Ab
$uf*$h8!#c k`m{n&v e:c v-$LM&f*eujECS=?)!k($h|e:c c.g $&e,hlmPM#c $~h
b
eU?,$0h)kTC:v-$lk
b
$Dfje3m k
b
k
b
$Dm f
f'$0h ?,$0jlk`m '&$jEC+nkfffmPM)!k`m COn,h^kTCRk
b
$ ?&e/fTk`m k`m C+nxg !-n,jlk`m C+n
/Ab
$@?,f8CSM/eJM-m c m k56C-ge?nRm{n GUm '-m G/!&e:c-h
b
eU?,$ff[
e
b
m j
b
m h)j,e:c j)!#c e,k($EG e&j,jEC?f Gm{n,v kTC$#1,!&e,km COn T
/
ffiO[pm h4k
b
$h8!>= C#g5k
b
$ ?,f8CFM&eUM#m c{m k`m $hC#ge:c c
h1kf-!,jlk.!#f*$hk
b
e,k5e/f*$X=$L=@M&$Df'h C#gk
b
$7h;eU=$h
b
eU?,$ff[.$Hb#e/jlk`c 6c m&%;$wh1k(e,k($EGm{nwk
b
$ M,$,vUm{n-n-m{n,v<C#g
k
b
m hh%$0jlk`m C+n
/ %
C#k($2k
b
e,kk
b
m h7eU?>?,f8Cffie&j
b
e?n&e:c 6,h%$hk
b
$oh1kf-!,jlk.!#f*$h ?&e/j0$qe:n GunQC-kRk
b
$oh
b
eU?,$
h ?&e/j0$ff[$M,$0j,e7!0h%$ok
b
$R?&f8CSM&eUM#m{c m k`m $0h^C-gh
b
eJ?&$hwe/f*$|jECS=?)!k($EGtg f8CS= k
b
C-h%$IC#gh1kf-!,jk#!#f*$h2e?nQG
h1kf-!,jlk.!#f*$he/f*$nQC-k ?,f*$h%$#n0kmnk
b
$~h
b
eU?,$dh ?&e/j0$
/ Ab
$umP=@?#c $L=5$-nk(e,k`m C+n C-gRk
b
$Y?&eDf!k`m k`m C+n
g!-n,jkm COn7e?nQGwk
b
$^?&f CUG/!,jlkxe:c v:$LM,f}eom hpvUm '&$#n2mnps ?>?&$#nQGUm b
L /
<>=
j= C
E L
	sNLHI

 ,	 
 
s ?>?#c 6-m{n&v2k
b
$h
b
eU?,$ ?,f8CSM/eJM-m c m k562eU?>?&f8C?e/j
b
kKC)k
b
$kH
%
s $Hb#eU=@?-c $gzf8CF= q+$0jkm COn(T
/
D
/
ovUm '&$h
k
b
$|f*$h8!#c kyhRh
b
Cepnqm{n (+m v,!#f*$mT
/
I
/@Ab
$wh
b
eU?,$
b
Cc Gm{n,vtk
b
$I=xg $`_zh1k`f-!,jlk.!#f*$om hRe:c h`Cqk
b
$X=	C-h1k
?,f8CSM/eJM-c $ C+n,$":Vh
b
eJ?&$ ;<`[M)!0kReU?>?&f C
b
/
 
'
C#gk
b
$2h1k`f"!&jlk#!-f'$0h@C#gk
b
$)$#n,h%$L=@M#c $f*$hlm G-$tm{n2k
b
$
jDc Cff'&$Dfffc $,e,g3h
b
eU?,$h:Vh
b
eU?,$ rA<
/Ab
m h4m hB= !,j
b
=	C?f'$wk
b
e?nwg C?fsk
b
$4h%$,jECOnQGh
b
eU?,$ e
b
m j
btb
COc G#h
e:n$#n,$Df*v-$lk`m j&e-c{c 6 M,$k k($Df
G
F
V
E
/ Y
nqk1$#f#=5h!C#gxk
b
$h1kf-!,jlk.!#f*$h ?&e/j0$k
b
m hR=5$,e?n0hwk
b
e,k7k
b
f*$0$
'/e:c c $@6,h)e/f*$ ?,f*$h%$#n0kmnk
b
$dn,$,e/fX_CF?kmP=e:c.$-n,$Df*vw6 f}e?n,v-$ff[$COn,$g C?f3$&e&j
b
h
b
eU?,$
/ Axb
$i'/e:c{c $.6
b
Cc GUm{n,v|h1k`f"!&jlk#!-f'$0h	C-g k
b
$pk f'h1k h
b
eU?,$om h3k
b
$G:$0$L?,$h1k:`=m{n-mfl= !J= g f'$,$$#n,$#f'v6<e?nQG|e-c h`C)k
b
$
M,f8C?e G-$0h1kh:`=%C-h1k7h1kf-!,jlk.!#f*$hf'$0hlm G-$ m{nk
b
m h2h
b
eJ?&$<
/ Ab
$"'/e:c c $@6hem k
b
h1kf-!,jlk.!#f*$hogzf8CS= k
b
$
h%$0jECOn Gh
b
eU?,$tm hRk
b
$2h%$0jQCOnQG G-$0$L?&$h1k\M)!kwm kwm ha'&$#fX6n&e/ffff8Ce
/DAxb
$2h1k`f"!&jlk#!-f'$0hBC-gk
b
$2k
b
m f8G
h
b
eU?,$e/f*$4f*$L?&f'$0h%$#nk($EGRMH6e2nQC-k h`C\G:$0$L?\M)!0kxf}e,k
b
$#fM&f8C?e G '/e:c c $.6
/
 
  U
.
'  
Ab
$(s.k k($#n)!&e,kTC?f5[e:c f*$,e Gw6\G-$h%j#f mPM,$EGdmn qi$0jlk`m C+n D
/
T
/
;ff[ m h(%DnQCepn7kKChe3m k(j
b
gzf8CS= e7kf}e?n0hlc e
_
km COn&e:c.m{n&e/jlk`m '&$|kTCeok`f*e?n0hlce,km COn&e:c e/jlk`m '&$|jECOng#C?f#=Re,km COn !-nQG-$Dfh ?,$0jDm k+j|jQCOnQGUm km COn0h
/ Axb
$h%$
k5eCjECOn0g C?f_=e,km COn0hjQC:ffff*$h ?QC+nQGkKCk5eCi'/e:c c $.6,hwm{n4k
b
$4h1k`f"!&jlk#!-f'$tc e?nQG#h%j&eJ?&$)k
b
e,ke/f*$4h%$L?&e
_
f*e,k($EGYMC6e =%Cfi!-nk%e:m{n :$#n,$Df*vw6 M&eDf fffm $Df$<
/
(LC?f h
b
eJ?&$qe?n&e:c 6,hlm h7k
b
m h =$,e?n0hk
b
e,kk5eC~h
b
eU?,$h
    
	

 
          ffi						
				        
								
$
ff,   < ff3#
ffi
+ffflfiff
% -% -	
fi 
% 
ffi
 
$ffi$ffi5)
                 ffi		
				 							ffi				
ff
ff,   < ff3# %
+ff
 - 
% & 	
fifi 
% 
ffi
  <)ffi,$ffi
           ffi		
				          
														
?23
/ ;< 3# 
ffi+ffflfiffff
%	&  
fi  
% &ffi&) 
, &
+fiff-,.
 
 0/  03  
F
V
E
G
C#g k
b
$Rk
b
f*$0$X=%C-h1k%?,f8CSM/eJM-c $7h
b
eU?,$hWC-g k
b
$ps.k k($#n)!/e0kTC?f kTC:v-$lk
b
$Df e3m k
b
k
b
$^?&f8CSM&eUM#m{c m km $h	C-gLk
b
$Rh
b
eU?,$hz:Vh`C?fTk1$QGDMC64m{n&jDf*$,e&hlm{n,v$#n,$Df*vw6ff<
/
em k
b
f*$,e&h`C+n&eUM#c $ ?,f8CFM&eUM#m c{m k56h
b
C,!#c G M,$ ?&f*$h%$#nk
/ Axb
$tjEC?ffff*$h ?QCOn GUm{n,v $`b ?,$Dfffmfl=$#nk^G-$Dc m '&$Df'h
k
b
$f*$h8!#c k1h^h8!J=@=eDf m h%$EG4mnC(+m v/!-f'$aT
/
O
/ Axb
$k f'h1kh1k`f m&%/m{n,vof*$h8!#c k C-g k
b
m he:n/e-c 6,hlm hxm h
[ffik
b
e,kk
b
$
h
b
eU?,$
b
Cc GUm{n&vqk
b
$
")fl!
_zh1kf-!,jlk.!#f*$m h7nQC#kxk
b
$I=	C-h1k ?,f8CFM&eUM#c $\C+n,$
/mY
ngVe/jlk.[e4h
b
eU?,$(e3m k
b
e
M,$h1kx$#n,$#f'v6*e
b
m j
b
m h

{2A)ffi,  ,.eUMQC'/$k
b
$
"2fl!|b
e&hk
b
$
b
m v
b
$h1k@?&f CFM&eUM#m c{m k56
/
q
b
eU?,$h;
e:n G"rth%$0$>= kKCM,$qf}e,k
b
$#fhlmfl=m{c e/f e3m k
b
f*$h ?,$0jkkTCk
b
$Dm{f
G
F
V
E
G
[ h`Ctk
b
$Dm fN?&f CFM&eUM#m c{m k`m $h2j,e?n
M,$)e G>G-$EG
/Ab
m h^=5$,e?n0hxk
b
e0kpk
b
$wh
b
eU?,$*e3m k
b
k5eC
b
e:m f_?#mn0h
[ e
b
m j
b
=e`6IM,$4$L=@M&$EG>G-$EGrm{n)e
= !#c km{c CJCF?ffi[
b
e&hwe ?&f CFM&eUM#m c{m k56RC-g2#
/
VVffO e?nQGtk
b
$|h
b
eU?,$e3m k
b
C+n,$
b
e:m f_?#m{n
b
e&h4e ?,f8CSM/eJM-m c m k56
C#gF#
/
#'#ffi
/Y
nC-k
b
$#feC?f8G#hk
b
$(s kyk($#n)!&e,kTC:fC:j0j !-fTh5kTC VV
/
O m{n7h
b
eU?,$i;@C?flrqe?nQG2kTC #
/

m{nh
b
eJ?&$ 
/
q
b
eU?,$ ;DHwr jEC?f f*$h ? COnQG#hkTCrk
b
$  C4 R?QC-hlm km COn C#gxk
b
$he3m k1j
b
e?nQGrk
b
$
b
m v
b
?,f8CSM/eJM-m c m k56|f*$h%$>=@M#c $h3k
b
e0k^k
b
m hRm hm k1hRn&e,km '&$^?QC:hlm k`m COn
/ Ab
$  COn?QC:hlm k`m C+n:Vh
b
eU?,$A<m hN'&$#fX6
!-n#c m&%;$Dc 6e
b
m j
b
=m v
b
k$Hb ?&f*$h(h5k
b
e,k3k
b
$we,kyk1$-n)!&e,kKC?f m he7k`m v
b
kf*$0v/!#ce,kKC?f
/Ab
$^GUm 4 $Df*$#n,j,$qm{n
k
b
$^?&f8CSM&eUM#m{c m k56wj,e?ne:c h`C)vm '&$e?n4mfl=?,f*$h(hlm COn@C+nRk
b
$$M4 C?fTk5n,$0$QG-$EG2kTCwk`f m v-v-$DfLk
b
$Rhe3m k(j
b /
X  
 
Y
nj,e&h%$ C-g-G#hlf]s[/k
b
$N=	C-h1k.eUM0h1k`f}e/jlk.h
b
eJ?&$3m hnQC-kLeU?>?-c m j&eJM-c $pe&hM C#k
b
e:c k($DfVn&e,k1$ jECOng#C?f#=Re,km COn0h
C#g k
b
m hjECOng#C?f#=Re,km COn&e:cUhem k1j
b
eC,!-c G M&$Dc C+n,v)kTC4k
b
$h
b
eU?,$ fl$ pfl$ mfl! 
/
s^n7e?n&e:c 6,hlm h !0hlmn,v2k
b
$
c $h(hpeUM0h1kf}e/jlk^h
b
eJ?&$xk56U?,$jr
b
e Gk
b
$%Cfi!k1jQCS=5$5h
b
Cepnwm{n0(+m v/!#f*$pT
/
V
/ Axb
$
G
F
V
E
G
mfl=@?-c 6xk
b
e,k
m km hf*$,e&h`C+n&eUM#c $okKCjQCS=@M-m{n,$2h
b
eJ?&$hm;)e?nQGiDe?nQGqh
b
eU?,$hzte?nQGhr
/ L
e&h%$EG C+n4k
b
m h
[.h
b
eU?,$
;/HD
b
e&h e?&f8CSM&eUM#m{c m k56C-g #
/
DAV4e:n Gh
b
eU?,$&UHrC-g #
/
D[Ae
b
m j
b
m hpmn5v>CUCJGwjEC?f f*$h ? COnQG-$-n,j0$kKC
k
b
$Rhe3m k1j
b
m{n,vn&e,k#!#f*$C-gLk
b
m h H
%
s
/

	'

.
   ^a
ff

'	 
 
$
ff

]  
=m j#f C H
%
sh:T=m H
%
s h`<eDf'$ h =e:c{c:

ffi+nkH<sf*$0v/!-c e,kKC?f76 H
%
s h k
b
e,ke/f*$%?,f8C:j,$h(h%$EGg f8CS= c e/f*v-$Df
?,f*$0j !-fTh`C?f'h
[ g C?fle
b
m j
b
k
b
$4h%$0jQCOnQG:eDfX6h1kf-!,jk#!#f*$tm he&h(h8!>=5$EG|kTC ?#ce`6|e?nqmfl=@? C:fTk%e?nkf8Cc $
/
s
jECS==%COn|g $&e0k.!#f*$C#g5e:c{c %/n Cepn ?&f*$0j !#f'h`C?f'hm h
[sk
b
e,kk
b
$.6qg C?f_= e
b
e:m f_?#mn"e
b
C-h%$$-n,$Df*vw6rm h
hlm vn#m k+j,e?nk`c 62c Ce$#f k
b
e?nxg#C:f f*e?nQGJCS= h%$
1/!,$#n&j0$h C#gk
b
$5h;eJ=$ GUmn)!,jDc $EC#k`m G-$GUm h1k`fffmflM)!0km COn / I; 1
/
Ab
m h3m he
b
mnk kTCee$Dc c _G-$.k n,$QGh%$0jQCOnQG:eDfX6h1kf-!,jk#!#f*$ff[Fe
b
m j
b
mP=@?#c{m $hsk
b
e,k k
b
$pjEC?ffff'$0h ?QCOnQGm{n,v
h
b
eU?,$)h
b
Cfi!#c G
b
e'&$oem'&$Df76
b
m v
b
?&f8CSM&eUM#m{c m k56
/
s^n|e?n&e:c 6&hlm h4f*$.'&$,e:c $EG[Lk
b
e,kxg#C?fsk
b
$?&f*$0j !#f'h`C?f
C#g !
{fiD>&G
c m{n@_UD / Iffi'1k
b
$h
b
eU?,$ fl! 
b
e&hxeX?&f CFM&eUM#m c{m k56!C#g8x M:M?M:M:M?M-6[ e
b
m j
b
=5$&e:n,h k
b
e,k
COn#c 6 ;m{ni#[!##'# =%COc $0j !-c $h
b
e&h7eIGUm 4 $#f'$-nkh
b
eU?,$IC?fk
b
e,k$,e/j
b
=%COc $0j !-c $m h(VV
/
VffiVVffiVffT	
 
	

    
       
							            								         								
		
$
,   < ff3#
ffi
+ffflffififfffflfiffff
  -$ & 
fifi 
%ffi 
ffi
-ffi
       
							               
							
						          										 
ff
,   < ff3# %
+ffflffi+ffffifffiff
* -
fi 
% 
*#-ffi$ffi,ffi&)
       
							                 
							
						          											
?23
/ ;< 3# 
fiffffiffififfffffifffl+ffffiff
  -<) 		
fi  
   -ffi ,,$ ,
       
							      					          										 
 5
ff/ ;< 3#
fifffl+fffl+ff
% ffi-%  	
fifi 
  #
ffi, 
ffi&) ,
+fiff-,.
 
 0/ 03  
F
V
E
G
C#gk
b
$g Cfi!#f =	C-h1k%?&f8CSM&eUM#c $wh
b
eU?,$h%C-gG#hlf]sN[ kKC?v-$lk
b
$Dfe3m k
b
k
b
$h
b
eU?,$
?,f8CSM/eJM-m c m km $h(:h`C:fTk($EGMH6G-$0jDf*$,e&hlm{n&vR?&f8CSM&eUM#m{c m k56ff<
/
	
	
	
		
	
ff/  < ffff#B
 
ffiffififfffiffffffiffff
  -'& 	
fi  
   ,)<)<)<)
	

	
		
ff
ff,   < ff3# %
ffiffiffi+ffffiffffffiffffiffff
  - , 
fifi 
% 
%<)ffi-
	
	
	
	
$2
ff,   < 3# %
ffififfffiffffffiff
  -ffi-	
fi  
 '

5)ffi
5)ffiffi,$


	
	
 <
ff/  < ffff#
ffiffiffiffi+ffffiffffiffffffiffffffiff
 - 
%	
fi  
 '

ffi
- ffi&5)
+fiff-,.
 
 0/T_% 03  
F
ff
E
G
C#g.k
b
$pg#C,!#f =	C-h1k ?,f8CSM/eJM-c $Rh
b
eU?,$h C#g.k
b
$  !
0{Ufi#>,G
c m{n@_UDI?&f*$0j !#f'h`C?fW[
kKC?v-$lk
b
$Df e3m k
b
k
b
$Rh
b
eJ?&$^?,f8CSM/eJM-m c m km $h :Vh`C?f!k($EGDMH6@G-$0jDf*$,e&hlmn,vR?&f8CSM&eUM#m{c m k56<
/
C#gm kyhwc m g $lk`mfl=$qm{n)k
b
$)hlm{n,vUc $
b
e:m{f#?-m{nh
b
eU?,$
/
(LC?fsk
b
$\Cfi!k ?)!ke ?&f8CSM&eUM#m{c m k56j !k _C4 C#gRJ&8
ese&h !0h%$EG[ e
b
m j
b
=m v
b
k	M&$k
b
$2f*$,e&h`COn7k
b
e,knQCog!-f!k
b
$Dfh
b
eU?,$heU?>?&$,e/f
/
s^n C#k
b
$Df gVe&jk k
b
e,k
b
e&hkTCXM&$jQCOn0hlm G-$Df*$EGm hk
b
e,kk
b
$5h
b
eJ?&$ReUM0h1k`f}e/jlkm COn!=m v
b
k
b
e
'/$@M,$,$#nRkKCUCwh1kf8COn&v
/
(LC?f k
b
m h
f'$&e,h`C+nffi[
Y
?&$DfTg C?f_=5$EG~e:ne:n/e-c 6,hlm hae3m k
b
eoh
b
eU?,$qf*$lk%e:m{n#mn,vY=%C?f*$4h1kf-!,jk#!#f}e:c G-$lk%e-m{c :Vk56J?,$rA<.[
vUm '-mn,v4k
b
$7f*$h8!#c k1hph
b
Cepn2m{n (+m v/!#f*$zT
/
; #
/
sc{c
G
F
V
E
G
e/f*$&'&$Df76hlmfl=m ce/f.h`Cm kxm hxf*$,e&h`COn/eJM-c $kTC
jECS=M#m{n,$7k
b
$L= m{n4k
b
$whlm{n&vUc $
b
e-m{f_?#m{n)h
b
eJ?&$
/@Axb
$Dm{fsh8!>==5$EGK!>?D?&f CFM&eUM#m c{m k56m h8x M:M?M:M:M5LJ
e
b
m j
b
m hM,$hlm G-$h2g f CF= f8C,!-nQGm{n,v m{n&e/j0j)!#f}e&j#m $hk
b
$qh;eU=5$e&h7k
b
$ ?&f8CSM&eUM#m{c m k56 C#gxk
b
$thlm{n,vUc $
b
e:m f_?#m{n7h
b
eU?,$
/
304ff fi >	8 Affifl98 8 >A@CB
Y
nk
b
m h j
b
eJ?0k1$Df
Y
?,f*$h%$#n0k1$EGxk
b
$jEC+n,j0$L?k C-geUM0h1k`f*e/jlkLh
b
eU?,$0h e:n G3k
b
$Dm f+$)jDm $#nk jECF=@?)!k%e,km COn
/
 
m k
b
k
b
m h<=$lk
b
CJG k
b
$n)!>=@M&$Df	C-g4n&$,e/fX_CS?k`mfl=Re:c h`Cc !km COn0hdmn.H
%
s h%$0jEC+nQG:e/f"!uh1k`f-!,jlk.!#f*$
?,f*$EGUm jlk`m COnm hwf*$EG/!&j0$EGg f8CS= h%$#&$#f*e:c
b
!-nQGUf*$EG#hBC?fk
b
C,!,h;e:n G#hRkKCRCOn#c !|e4g $@e[^e
b
m j
b
$#n&eUM#c $h
k
b
$f'$0h%$,e/f*j
b
$Df kKCv-$lke:nXC#&$Df"#-m $.e C#g^k
b
$oh1kf-!,jk#!#f*$oh ?&e/j0$
/
(%!#fTk
b
$Df_=%C?f*$ff[Lk
b
m h4f'$QG/!,jlk`m C+n
=e %;$h3jECS=?&e/f}e,km #&$h1k.!QGUm $h@= !,j
b
gffe&h1k($Dfe?nQG)$,e&hlm $Df
/
(LC?fL$`b#eU=@?#c $ff[ik
b
$)m G-$-nkm k+j,e,km COn!C#ge
    
	

 
f'$,v/!#c e,kTC?f !$Dc $L=5$-nk mn5jEC_%f*$0v/!#ce0k($EG H
%
s hj,e?n@M&$WG>C+n,$M != !#c k`mfl?#c $ph1k`f"!&jlk#!-f'$e:c m vn>=$#nk C#g
h8!>MQCS?0kmP=e:c&h1k`f-!,jlk.!#f*$h
/Y
g(C+n#c !k5eCh8!,j
b
h%$

!,$#n&j0$heDf'$5e:n/e-c !,h%$EG[k
b
$Rn5!>=@M,$#f C-gn,$,j0$h(h;e/f"!
?&e:m f7e3m h%$wjECS=?&e/fffm h`C+n0hxvUf8Ceh5e:c f*$,e G !

!&e GUf}e0k`m je3m k
b
k
b
$)n)!J=@M,$Df C-gh8!>MQCF?k`mfl=e:cffih`Cc9!0km COn0h
/
Ab
!0h
[:k
b
$^jECF=@?)!0k(e,k`m COn/e-cLM)!-f G:$#npj,e?nWM,$xf*$EG/!,j0$QG3e3m k
b
k
b
$jECF=@?)!k%e,km COn C#g eJM,h1kf}e/jlkLh
b
eU?,$h
m{ne

!&e GUf}e0k`m jzese !.[kTCJC
/
Axb
$mnkf8CUG/!,jlk`m C+n C#gk
b
$R?&e/fTk`m k`m COn|g!:n,jlk`m COnteU?>?&f8C?e/j
b
kKCj,e:c j !-c e,k1$|k
b
$ ?&f8CSM&eUM#m{c m km $h\C#g
h
b
eU?,$hvUm #&$h3g!-f!k
b
$Dfmn0hlm v
b
kyhm{nkTC4k
b
$h1k`f"!&jlk#!-f'$h ?&e/j0$C-g H
%
s
/
(+m f'h1k@[ik
b
$$`b#eU=@?#c $h3h
b
Ce
k
b
e,kRk
b
$)h
b
eU?,$
b
COc GUmn,v~k
b
$
"2flT
_zh1k`f-!,jlk.!#f*$m h)nQC-ke7!kTCS=Re,km j,e:c c !|k
b
$ =%C:h1kB?&f8CSM&eUM#c $COn,$
/
q+$0jQCOnQG[m{nok
b
$oj,e&h%$\C#g jQCS=@?&$lkmn,vth1k`f-!,jlk.!#f*$hk
b
$?&f8CSM&eUM#m{c m km $hw$`b ?,f*$h(hk
b
$2gzf*$

!,$-n,j! C#g
$,e/j
b
h
b
eU?,$dmnk
b
$$#n0h%$L=M#c $
/
sZGJGUm k`m C+n&e:c c !.[e
b
$#nth%$,e/f*j
b
m{n,vuk
b
$jECS==%COnh
b
eU?,$ C-gk5eC
h%$

!,$#n&j0$he ?&f8CS=m hlm{n,v5eJ?J?,f8C?e/j
b
eCfi!#c G@M,$skKCh%$,e/f*j
b
g#C?fffik
b
$ C+n,$-e3m k
b
k
b
$
b
m v
b
$h1k jECF=@M#mn,$EG
?,f8CSM/eJM-m c m k !
/
Axb
$tf*$L=Re/f %eUM#c $f*$h8!#c kg C?fk
b
$tc{m{n._ ?&f*$0j !#f'h`C?f C#g  !
Ufi#>,G
[kTC:v-$lk
b
$Dfe3m k
b
k
b
$ogffe/jlk1h
k
b
e,ke:c c %DnQCepn=m H
%
s ?,f*$0j)!#f'h`C:f'h
b
e#&$xe
b
e:m f_?#mnRe&hk
b
$Dm{f
"2fl!
_zh1kf-!,jk#!#f*$e:n GRk
b
e0ksk
b
$!e/f*$
f*e,k
b
$Df.h =e:c c

J,8?8|nk.[c $,e G#h kKCk
b
$m G-$,e@C#g!0hlm{n,v 27456+Nn,130AoNkKC7h%$,e/f*j
b
e
b
COc $Rv-$#nQCF=5$h
g C?f
b
e-m{f_?#m{n0h	C#gLk
b
m h3hlm ffi0$
b
e#-m{n&voe #&$#f !
b
m v
b
?&f8CSM&eUM#m{c m k !
/ Axb
$h%$h
b
C,!#c G M,$v>CUCJG)j&e:n GUm G:e,k($h
g C?fsn&$.e =m H
%
s ?,f*$0j !-fTh`C?f'he?nQG
b
$#n,j0$we-c h`C4g C?fn,$.e =m H
%
s h
/
sdv-$#n,$#f*e:cJ?&f8CSM#c $L= m{nh1kf-!,jk#!#f*$e?n&e:c !&hlm hm h kTC5j
b
CJC:h%$e5f'$&e,h`C+n&eUM#c $pj)!kU_C4|g#C?f+h8!>MQCF?kmP=e:c
h1kf-!,jlk.!#f*$h
/
*n,j0$#f!k%e:m{nk`m $0h2m{n4k
b
$4$#n,$Df*v !<?&e/f}eU=5$lk($Df'hmP=@?#c !4k
b
e,kh1k`f-!,jlk.!#f*$hpe
b
C-h%$2$-n,$Df*v !
m hBO  eUMQC#/$k
b
$\=xg $
b
e
#/$kTCRM,$wjEC+n0hlm G-$#f'$QG[ e
b
$Df*$,e&hxh1k`f-!,jlk.!#f}e-c #/e/fffm eUM#m{c m k !DM !X=%COc $0j)!#c e/f
%&mn,$lk`m jhm h MQCfi!-nQG M !ej,$DfTk(e:m{nt$-n,$Df*v !df}e:n&v-$ff[$
/
v
/
6 {	
 	
/  
m k
b
k
b
$<?&f8CSM&eUM#m{c m km $h
C#gh
b
eU?,$h~m km hnQCe ?QC-h(hlmPM#c $~kTC j
b
CJC:h%$ e ?&f CFM&eUM#m c{m k ! j)!kU_C4
/ Ab
m h
[3k
b
C,!&v
b
M&e&h%$EG COn
$#n,$Df*v !R?/e/f}eJ=$lk($Df'h
[ m hmnQG-$L?,$-nQG-$#nk@C-gk
b
$4e/jlk.!&e:c
"2flT
#/e:c9!,$2e?nQG[ZG/!,$wkTC|k
b
$7h8!J=@=e,k`m C+n
C#&$Df e:c cffih1kf-!,jk#!#f*$hM,$Dc COn,vUmn,v|kKC|eh
b
eJ?&$ff[Z=%C?f*$wf8CSM)!0h1ke/v:e:m{n0h1kphlc{m v
b
kp$Dffff8C?fThm{nk
b
$$-n,$Df*v !
?&e/f}eU=5$lk($Df'h
/@Axb
$)e/jlk.!&e:c #/e:c9!,$!C-gk
b
m hRj !k _C4 h%$0$L=5hxkTC M,$f*$,e&h`COn&eUM#c $|e,keUMQCfi!kwJ,8

e&h
k
b
m h eCfi!#c GX=5$,e?npk
b
e,k COn#c !m{n #[!#'##\=	Cc $0j !#c $hfieCfi!#c G4e,k k%e:m{nxk
b
m hh
b
eU?,$
/ %
C?f_=e:c c !`[:C+n#c !
!>?pkTCepgff$.ek
b
Cfi!0h;e?nQGjQCS?#m $h C#ge:nCH
%
sue/f*$ ?&f*$h%$#nk3mnpk
b
$j0$Dc{c
/ Y
ne %&mn,$lk`m j@?QCmnk C-g #-m $.e\[
ej !k _C4e,kJ&8

=$,e?n0h k
b
e,ksef'$#c $#/e?nkh
b
eU?,$
b
e&hskTC^M,$?,f*$h%$-nkg C?f e,kc $,e&h1k #
/
rRh%$0jEC+nQG#h
m g k
b
$0H
%
s m h3h1k(eUM#c $g C?fZC+n,$
b
Cfi!#f
/
Axb
$|jQCS=@?-c $?m k !IC-g k
b
$qe-c v>C?fffm k
b
=xhom he&hg#C?fk
b
$ %DnQCpnog#Cc Gm{n,vre:c v>C?fffm k
b
=5hI!0hlmn,v Q O
ff h_
'
5m{nk`mfl=$e?nQGfiff h_
c
m{n7h ?&e/j0$
/Axb
$7e:c vJC:fffm k
b
= g C?fLk
b
$jQCS=@?5!k(e,k`m C+nC#gsh
b
eU?,$\?&f8CSM&efl
M#m c{m k`m $h !,h%$hffik(eUM#c $he?nQGhrdc{m h1k1hz6 _
c! 
9
_"#$
b
$Df*$,e&hk
b
$)e:c v>C?fffm k
b
= kTCjECS=?)!k($4h
b
eU?,$h
e:n G
G
F
V
E
G
m{n2e4j0$DfTk%e:m{n2$#n,$Df*v !qf}e?n,v-$I=e %;$0h !0h%$C-gfir)k%eUM#c $hRe?nQG%oc{m h1k&
9
_
c
 
J_"
/WAb
$
f'$&e,h`C+nxg#C?f k
b
$c e/f*v-$Df=5$L=	C:f"!Rf*$

!#m{f*$L=5$#n0kyhC#g k
b
$e:c v>C?fffm k
b
= g#C?f h
b
eU?,$@?&f8CSM&eUM#m{c m km $hc m $0hpm{n
k
b
$ !0h%$!C-gk
b
$ !-n/eJ=M#m v,!QC,!0hvUf}eU=@=Re/f
/	Ab
m hC+n,$
b
e&h$#&kf}e ?,f8CJG,!,jlk`m COn,hLh`CS=$C-g'
b
m j
b
b
e#&$kKCDM&$k(eUM)!#ce,k1$EG2kKC2$#n,h8!#f*$k
b
e,kk
b
$jECS=?)!k%e0k`m C+n)( n#m h
b
$hRm{n4f*$,e&h`COn/eJM-c $k`mfl=$
/
Q !,$kKC5jECS=?)!k%e0k`m C+n&e:cDc mfl=m k%e,km COn0h*
b
m j
b
?&e/fTkc !xf*$h8!#c kLgzf8CS= k
b
$9- e&h %;$Dc{c&mP=@?#c $L=5$#n0k(e,k`m COn"
k
b
$7e-c v>C?fffm k
b
= g#C:f j&e-c j !#ce0k`m{n&veUM0h1k`f}e&jk3h
b
eJ?&$hRm hj !-f f*$#n0kc !|c{mfl=m k1$QG4kKC)h%$

!,$#n&j0$hC#g^c $#n,vDk
b
!>?kTC(r"ffi#onke:n Gk
b
$5e:c vJC:fffm k
b
= g C?f j,e:c j !#c e,k`m{n,vwh
b
eU?,$?&f CFM&eUM#m c{m k`m $hkTCh%$

!,$#n,j,$h C-gc $#n,vDk
b
!>?kTC+,ffi# nk
/
(LC?feuf*$,e&h`COn&eUM#c $ n)!>=M,$Df%C-gxg!:n,jlk`m COn/e-c H
%
sh4k
b
m hm h|h8!)jDm $-nk-	M)!0km k
m hC-gjEC,!#f'h%$G-$0hlm f}eUM#c $qkTCYM,$qeJM-c $|kKCre?n&e:c !&h%$tc COn,v-$#f3h%$

!,$#n,j,$hoe&h.$Dc{c
/0/
!-f f*$#n0kc !#21.eJ=
C?f
%/mn,vkTC:v-$k
b
$#f!m k
b
Oi$lk($Df qk($M4 $-n2kKCrmfl=@?&f8C#&$2k
b
$D?&$DfTg C?f_=e?n,j0$RM !R=Re %&mn,v !0h%$\C-g
b
m h
sRQOjECS=?#m c $Df3$
b
m j
b
GUm{f'$,jlkc ! ?,f8CUG/!,j0$hgffe&h1k
/
fl
/
CJG-$
/
qFCF=5$w$&k($#n0hlm COn0hRkTC|k
b
$wh1k%e?nQG:e/f8G
jECS=?#m c $Df e/f*$4n,$0j0$h(h;eDf !7kKC4h;e,k`m h1g!k
b
$Rh ?,$,jDm (+j2n&$0$EG#h C-g h
b
eU?,$e?n&e:c !,hlm h
/
       
	
     
fffiffifl
1Cn3k
b
m hk
b
$hlm h 1
b
e#&$ ?&f*$h%$#nk($EG7k CRkTCJCOc hg#C:f k
b
$xe?n&e:c !,hlm h C-g k
b
$ph%$0jEC+nQG:e/f"!Rh1kf-!,jk#!#f*$5h ?&e/j0$
C#g "!$#
/-Ab
$ 0,1 25476ON:N)eU?>?&f Cffie/j
b
m hRm{nk($#nQG:$EG|kKCtf'$#&$,e:cUjQCOng#C:f_=Re0k`m C+n&e:cffih 3m k1j
b
m{n,vm{n%&!$#
e:n Gk
b
$o$#De-c !&e,km COnqh
b
C$EGk
b
e,kwm k7m h !0h%$lg !#c g C?fk
b
m h ?)!#f_?QC-h%$
/('
!-f!k
b
$Df_=	C:f*$ G/!&$)kTCtk
b
$
mfl=@?&f8C#&$>=5$#nk1h&1 mnk`f CUG/!,j0$QG m kj,e?n M,$ !0h%$EGokTC GUm h%jEC#&$#f$=%C?f*$v-$-n,$Df}e:c(?,f8CF?,$DfTkm $h h8!,j
b
e,h
k
b
$	?&f*$h%$#n,j0$%C#g k
b
f*$0$e:c k($DfVn&e,km #&$e?nQGGUm h(hlmP=m ce/f h1kf-!,jlk.!#f*$h
/
# =e*)C?f(?&f CFM#c $>= f*$L=e:m{n-m{n,vwm h
k
b
e,keI!0h%$Df
b
e&hkTCm{nk($Df_?,f*$lkpk
b
$wf*$h8!#c kyh 
b
m j
b
m hk
b
$jDf-!,j#m e:cffih1k($L?Rg#C:fLjEC?ffff*$0jlk ?,f*$EGm jlk`m C+n0h
/
+
!k 3m k
b
C,!0k<0,1327456+N:NRk
b
$WG-$lk($0jlk`m C+n C#gLjECOng#C?f#=Re,km COn&e:c#h 3m k(j
b
m{n&v&C,!#c G\M,$= !,j
bb
e/f8G-$Df
/
#gVe# C,!#f}eUM#c $mfl=@?&f8C#&$>=5$#nk Cfi!#c GBM,$ kTCh m k1j
b
g f8CS= !,h%$DfikTCRe5!0kKCF=e,k1$QGmnk1$#f#?&f*$lk%e0k`m C+n5e?nQG
$#&$#nNM,$k k($DfffikKCh`CS=$ %/mnQGNC#gOh%jEC?fffm{n&v
/,'
m f'h1kLe0kyk($L=@?k1h kTCh%jEC?f*$jECOn0g C?f_=e,km COn&e:c`h m k1j
b
$h $Df*$
nQC#kpjECOn&jDc9!0hlm #&$
/
1 nh`CS=$j&e,h%$0hpk
b
$!G-$Dc{m #&$#f'$QGf*$,e&h`C+n&eUM#c $of*$h8!#c k1h h`C)k
b
e,k.1OeU= jECOn#:m{n,j0$QG
k
b
e,km km h?QC:h(hlmflM#c $kTC!G-$hlm vnh8!,j
b
eh%jEC?fffm{n,v
/
#h ?&$0jDm e:c{c ! m{nk
b
$tj&e,h%$<C#g7c COn&v h%$

!&$#n,j0$h|k
b
$df*$h8!#c kyh|eDf'$<C#gk1$#n<GUm )j !#c k2kKC m{nk($Df_?,f*$lk
/
Ab
$ =Re:m{nRf*$,e&h`COnxg C?f k
b
m h3m hk
b
e,k c COn,vh%$

!,$-n,j0$hj,e?ng C?f_= =%C?f*$ GUm h(hlmfl=m c eDf h1k`f-!,jlk.!#f*$h $#&$#n

b
$#nuf*$h1k`fffm jlk`m{n&vkKC c C:j&e-c =m{n#mP=e TM ! f*$lg COc GUmn,v
/
# h`COc9!k`m C+nrjEC,!#c G M,$kTC G:$-( n,$h`CS=5$
=5$,e&h8!#f*$og C?fxc C:j,e:c(GUm h(hlmfl=m{c e/fffm k !#'
b
m j
b
kKCY= ! %/n C,3c $EG-v-$ se&h|nQC#kk`fffm $EGYM,$g C?f*$
/
# nQC#k
b
$Df
b
$Dcfl?0g!#c/gffe/jlk C,!#c G!M,$3kTC %DnQCk
b
$f'$#c $#/e?n,j,$WC#g.$,e/j
b
h1k`f"!&jlk#!-f'$Re?nQGkTC !0h%$3k
b
m he&he s$Dm v
b
k
G/!#fffm{n,v k
b
$te:n/e-c !,hlm h
/ A
Crh1k`f-!,jlk.!#f*$h 3m k
b
c eDf'v:$ GUm h1k%e?n,j0$ M5!koc C, f*$Dc $#/e?n,j0$~jEC,!#c Gdk
b
$#n
M,$dn,$0vUc $0jlk($EG e?nQG%C,!#c G nQC#k^GUm h1k.!#f_Mqk
b
$GUm h1k%e?n,j0$ ?#c C#k1h
/-+
!k
b
C h
b
Cfi!#c G f'$#c $#/e?n,j,$ M,$
=5$,e&h8!#f*$EG
]
Oi$Df
b
eU?0hok
b
$~eU?>?,f8Cffie&j
b
C-gReUM0h1k`f}e&jk4h
b
eJ?&$htc $,e G#h)kTC e?ne?n0h $#fm{nk
b
$un,$,e/f
g!k.!#f*$
/
Ab
$2m G:$,e^C#gseUM0h1k`f}e/jlkph
b
eU?,$hm h5mP=@?#c $L=5$-nk1$QGqm{nk
b
$\?,f8C:vf*eU= 25456+N/.fi1010N
/
1 k1he:mfl= m h3kTC
vUm #&$3exf*$L?,f*$h%$-nk(e,k`m #&$WC#&$Df"#-m $- C-gik
b
$jECS=?#c $lk($ C:fk
b
$5n,$,e/f flCF?kmP=e:ch1kf-!,jk#!#f*$h ?&e/j0$pe?nQGpkTC
hlmfl=@?-c m g!ph8!>M0h%$

!&$#nk^e?n&e:c !,h%$hNM !Rf*$,e&h`COn&eUM#c !f*$EG/!,j#m{n,vk
b
$5n5!>=@M,$#f C-g CSM2)$,jlkyh
/Ab
$ M,$#n,$ (kyh
C#g27456+N/.,13010Nqe/f*$7k
b
$oc C n)!>=M,$Df C#gh
b
eU?,$he?nQG
G
F
V
E
G
k
b
$ !0h%$Df^m hjQCOng f C+nk($EG 3m k
b
m{n
k
b
$@C,!k ?)!k  k
b
$!?QC:h(hlmflM#m{c m k !4kTC|e G3)!0h1k3k
b
$eUM0h1k`f}e&jkm COn|c $#&$#cffikTC (k kKC)k
b
$!?,f8CFM#c $L= e?nQG2k
b
$
=%CJG,!#c e/f mfl=@?-c $L=$#nk%e0k`m C+n 
b
m j
b
e:c c C,hk
b
$$&e,h !m{n0kf8CJG,!,jlk`m COn	C#g !>?-fl jQCS=mn,vR$#n
b
e?n,j,$L=5$#n0kyh
h8!,j
b
e&h g!#fTk
b
$DfLk !J?,$0hC-g h
b
eU?,$h
/
#h ?,$0j#m e:c c !k
b
$wmfl=?#c $L=$#nk%e,km COnC#g k
b
$^?/e/fTkm km COng !-n,jlk`m C+n
eJ?J?,f8C?e/j
b
g C?f k
b
$RjECS=?)!k%e,km COn C#g ?&f CFM&eUM#m c{m k`m $h	C#gLh
b
eU?,$hm h3e^=Re*)C:f mfl=@?&f8C#&$>=5$#nkpmn4&!$#
h%$0jECOn G:e/f"!h1k`f-!,jlk.!#f*$e?n&e:c !,hlm h
/
# hDM,$g C?f*$L=5$#n0km COn,$EG^k
b
$~c COn,v-$#fk
b
$qh%$

!,$#n&j0$tk
b
$ =	C:f*$
GUm h(hlmP=m ce/fUh1kf-!,jlk.!#f*$h e?nQGpe:c h`Cph
b
eJ?&$h e/f*$?,f*$h%$#n0k--$#&$#nm{nk
b
$n,$,e/f flCF?kmP=e:c;h1k`f-!,jlk.!#f*$/H/h
b
eU?,$
    
aoa	ffiX


$
h ?&e/j0$
/ +
!Rc CUC %/m{n&ve,kLk
b
$h
b
eU?,$?&f8CSM&eUM#m{c m km $hOk
b
$5f*$h%$,e/f*j
b
$Df m heUM#c $kTCG-$0jDm G-$ 
b
m j
b
C#g k
b
$
h
b
eU?,$he/f*$of*$Dc $#/e?nke?nQG 
b
m j
b
n C#k
/
#[G>Gm k`m COn/e-c{c !-.k
b
$|n)!>=M,$DfC-gh
b
eU?,$h m k
b
f*$,e&h`COn&eUM#c $
?,f8CSM/eJM-m c m k !
b
m{nk1hoe,kX?&f CF?,$DfTk`m $hh8!,j
b
e&h4h1k`f"!&jlk#!-f*e:c $Dc{c flG-$ ( n,$EGn,$0h(h %&mn,$lk`m jtkf}eU?0hm{nk
b
$
g Cc GUm{n&v ?&e,k
b
se !#NC?fe-c k1$#fffn/e0k`m{n&v jECOn0g C?f_=e,km COn0h
/
#c{cLk
b
m h<=m v
b
kD=Re %;$k
b
$reU?>?,f8Cffie&j
b
C#g
eJM,h1kf}e/jlk h
b
eJ?&$h COn,$@C#gLk
b
$Rh1k(e?nQG?e/f8G4kKCUCc h5mn &!$# h1k`f-!,jlk.!#f*$e?n&e:c !,hlm h
/
# nQC#k
b
$Df[G>CS=Re:m{n 
b
$Df*$27456+N/.,13010NwjECfi!#c GDM,$
b
$#cfl?g !#cOm hxm{nk
b
$RjDc e&h(hlm (+j&e0k`m C+nC#g<!-n %DnQCpn
h%$

!,$#n&j0$h
/ +
e,h%$QG	C+nxm kyh h
b
eU?,$he3h%$

!,$-n,j0$jECfi!#c GBM,$3e&h(hlm vn&$EGkKC %DnQCpn^gVeU=m c{m $hC#g&&!$#h
h8!,j
b
e&h k
b
C-h%$pjQCc c $0jlk($EG4mn  gffeU=
/ZAxb
m hjECfi!#c G^M,$ !,h%$EGe,he?&f*$-( c k($Dfffm{n,vh1k1$>? kTCG-$0jDf*$,e&h%$3k
b
$
n)!>=@M&$Df C#gsgffeU=m{c m $h !-nQG-$#fjECOn,hlm G-$Df}e,k`m COne:n G2kTC)h ?,$0$QG !>?k
b
$jDce,h(hlm (+j,e,km COnI?,f8C?j0$h(h
/
n,$
j,e?n)$#&$#n4k
b
m{n %BC-g^j,e:c j !#ce,kmn,ve =5$,e?nD?,f8CFM&eUM#m c{m k !og#C?fk
b
$4jECS==%C+n7h
b
eU?,$!C-g $,e/j
b
gVeJ=m c !
e:n GkTC !0h%$k
b
m hmn5jECF=@M#mn&e,km COn 3m k
b
k
b
$h
b
eU?,$?&f CFM&eUM#m c{m k`m $h C-g k
b
$n&$- h%$

!&$#n,j0$5kTCh%jEC?f*$
k
b
$
b
m k1h
/ Axb
$!=$,e?n!?,f8CSM/eJM-m c m k !^C-g k
b
$jECF=@=	COnRh
b
eU?,$C?fLh`CS=$ C#k
b
$Df h1k%e0k`m h1k`m j&e-c =5$,e&h8!#f*$
jEC,!#c G|e:c h`C4h%$#f #/$e&h3e\=5$,e&h8!#f*$g C?f.k
b
$Rh1kf-!,jlk.!#f}e:c GUm #&$Df'hlm k !om{nRk
b
m hgffeU=m c !
/
1 n,jEC?f_?QC?f*e,k`m C+n C#g^k
b
$eJ?J?,f8C?e/j
b
C-g3eUM0h1k`f*e/jlkh
b
eU?,$0h)m{n0kKC 0,1 25456+N:Nh
b
Cfi!#c Gde:c h`C M,$ G>C+n,$
m{non&$,e/fLg!0k#!#f*$
/ Axb
m hxjQC,!#c Gmfl=?,f8C	#&$Rk
b
$h ?,$0$QGe?nQG4k
b
$ ?,f*$EGUm jlk`m #&$X?QC$DfC-g 0,1327456+N:N e?nQG
C,!#c Ge-c h`Ce:c{c C kTC G-$-( n&$BC+n,$X?,f8CSM/eJM-m c m k !)j !k flCg C?fe:c c &!$#h	
b
m j
b
Cfi!#c Gf*$EG/!,j,$k
b
$
n)!>=@M&$DfC-g?/e/f}eJ=$lk($Df'he?nQG =e %;$!?&f*$EGUm jlkm COn0h =%C?f*$)f*$Dc{m eUM#c $
/
1 kRm h%C#gjECfi!#f'h%$qnQC#kpk`fffm #-me:ckKC
j
b
CJC:h%$weof*$,e&h`COn/eJM-c $wj !k flC #De-c !,$
/ Ab
$Df*$lg C?f*$ ek
b
C?f8C,!,v
b
m{n
#&$h1k`m v:e,k`m COn!C-g k
b
$eU?>?&f Cffie/j
b
C#gh
b
eJ?&$\?&f CFM&eUM#m c{m k`m $hwm hn,$0j0$h(h;eDf !- 
b
m j
b
m hj !#ffff*$#nk`c !m{n ?&f8C:vUf*$h(h
/
n,$7j,e?n7e:c h`C2k
b
mn %C#g
!0hlm{n,v5e =	CJGUm (+$EG #&$Df'hlm C+n$C#g 25476ON/.fi10 0UNkKCph%$&e/f*j
b

b
Cc $v-$#n CS=5$0h g#C?fffih%$

!,$#n,j0$0h
b
e#-mn,v3k C
h
b
eU?,$h 3m k
b
hlmP=m ce/f ?,f8CSM/eJM-m c m k !2e?nQG2kKC #/e:c m G?e0k($Rk
b
$h%$)3m k
b
0fi1327456ON?N7kTC Gm h%jEC	#&$Df !-n %DnQCpn
jECOng#C?f#=Re,km COn&e:c h m k1j
b
$h
/ '
!#fTk
b
$Df_=%C?f*$ h%$,eDf'j
b
m{n,vg C?fh%$

!&$#n,j0$h
b
e#-mn,v COn&$)h
b
eU?,$3m k
b
#&$Df"!
b
m v
b
?,f8CFM&eUM#m c{m k !)e:n G 
b
$#n,j0$ e.$Dc{c flG-$-( n&$EGoh1k`f-!,jlk.!#f*$Z=m v
b
kf*$#/$,e:cin,$- =5$>=@M,$Df'hC#g
g!-n,jkm COn&e:cOnQC+n-fl jECJGm{n,v "!$#
/
1CnWC?f8G-$Df kKCwe&j
b
m $#/$k
b
m hk
b
$?,$DfTg C?f_=e?n,j0$	C#g 27456+N/.,13010N
b
e,h
kKCDM,$2mfl=@?&f8C#&$QG  
b
m j
b
m hj,eDf fffm $EG Cfi!k3e,kk
b
$^=%CF=5$#n0k
/
+
C#k
b
kTCJCc he/f*$oe#/e:m ceJM-c $ C+n2k
b
$
+
m $Dc $g $Dc G *n#m #&$Df'hlm k !
+
m Cmng C?f_=e,k`m jhi$Df"#&$Df 
+
m
+
m+$Df"#"
b
k k ?ff H:H M#mflM-m h%$Df"#
/
k($0j
b
gVe %
/
!-n#m fl M#m$Dc $g $#c G
/
G-$#Hfi ?De/fVn/e&h(h
fVn/e&h
b
eU?&$hffifl 
/ Axb
$ ?,f8C:vf*eU= 27456ON .,13010UN
e,h $Dc{cUe&h5m k1hh`Cfi!#f*j0$jECUG-$ m he:c h`C)e#/e:m{c eUM#c $g C?fZGJC,pn#c C?e G2g#C?f #/eDf m C,!0h?#ce,k g#C:f_=5h
/
  


( 	ffi


 9
/
9-!  O
/
UMQC  %  #
/fiff
ffiflfi
/
 ffi!QG #"
/
C$%$&(')*++!,ffi!QG
A / /
')
/
-* . fl
 ?*+ '/0! "!$#%fl1ffifl2$TC*fl%#/'/  C3!4ffi!QG5ffifl2$TC*fl%'!6'/*7 ffi$8 C3!%C.9$:)6;<PMQC`CF=;=* fl "!$#>0!2$& #!+!6
(

fl6!'C.5?A@/BDC<EF:GAHI@JEAK fi@2L7L NM	  O$ffi=O  P=Q=RNK


RS"TK O-K
+
U$&*VKXWY ' C &!$# Y!QCS=I '2 M C=!2  W=4')6ffi!  =ffi!QG.%fl!6'$8 C3!ffiK Z@L7L 
  0R=Q	8[3RffiPO 9Rffi\ffi\  K


MSW]K,^ G=ffi!>?6_/_a`bK #/=! #-!!!U= 9K ON/*70!  cK
/
)6 G*T ' %*
/
K1 C3)!`C3! 
+
K^d^fl6ffi! 
 
K
#ffi!2e1!8CJC3 ) 

K O,ffl )g!  cK N=*fl=;/*  ,K1VC=' %86 

KWh % $:  1iK 9j= $:7* =ffi!QG #kK GT*l
/
)J?6/*7* =K	WYfl$g$: C3!S0!m$:)ffi"!$#n'ECS=?QC3!!2$C. "!16(oW  Op'ffifl(q ?* / C$: CF? '
)fl>=rffi!Gs (6(t'U$:7*l6=#flu)6=7v)
!J?QCS?* 6 AK fi@2L7L  6\  6Pffi[3Rffi\=MZR\=\ffiK


S"TKU`bKwWx$:) y wK NUM0!6hW]K
ff
fl %u ;ffi!QGz`bK
A
flf!/{K #" ?6ffi!QG=EG N

fl!6'|"##fl
?! G!'C.
A
)/_=%CUG !=!6U=5 '\ON/}U=;$&UO,8C# G2 (CSMfl&$O,}EGA '2$8 C3!C. &!$# N'#fl
C3! G="!s$:ffl'$fl}=Kv~fiSL1+=LV tR=QffiQ VP"8[3P\ P=PffiP-K


ffiSW]K,K
 
$g/_=;ffi!ffiKJAB<Cfffiffi/Ł/BD+ffiJSBf fi=H;-ffiBDEffiBD+ffiJE/L-j0L+

GsK
/
)6U?>=;ffi!w`1=*7*ffi
/

/

PffiPffi K


/SW]K
ff
fl %u/{K

!
'
+!QGA0! #v*7*fffifl>MQCS?$8P=;=*
'
Cs* GA+!6 C.cffi!4&!$#	W@C3* 'fl* =Kv9Ł20@JŁ@,tR  
ffiQ/[ffi R P=QffiP-K


O ,K
 
fl6')2$ !#
 
K
'
C-!2$(=!" 1iK-Ka`[C.D'%u affi!QG ONK -')fl&$g/{K
/
CS=?* $g2fl>MQCS?$8P=;=*
. C3* GA0!C."&!$#ffi!QG;$)T&$(JM7*7 $ !WC.Z('QC3!QG=/ !4&$8ffl'$fl}2K#j06s=L GHh@2C} P  "ffi/[ , ffi
PffiP=PNK


Q 1iK-K-`[C.f6' %u/3
 
K
'
C3!$gffi!6 O-K
'
K s$( GA*  t-K ,K
+
C3!) C=  ZW]K
A
'%u/3sffi!QGBONK N')fl fl
$g/{K
'
6&$
'
Cs* Gs+!ffi!QG
/
CS=?6D `C-!	C. "!$# N'EC-!QG="! s$:ffl'$fl}2)
A
)aev !!6 &!$#
O 6' %8 KZF=@H50Ł2E/L YffiJABfFL G R"ffi  ,=O[$Q=Q  PffiP  K


P/;dZ"v+!ffi!QG
/
)6D*  #fiK=#T}!'ffiK #&$g$: &$: '=*-uU=@?*7+!6=* >CffiD $)>=.#Cffi "!$#	('#fl
C3! G="!5&$8ffl'2$:fl} ?}EGA '$: C3!K4bŁ2L+@20ŁayŁ2+65j@u  M 0OffiR=Qffi\[sOffiMffi\ 9Rffi\ffi\MNK
  	
 


6\/5AK%9 $g=#y" d K
'
fl2$(U=Iflwffi!QG 9KdZU=;U=	C$TCNK #v!6=* !6  C.I$:) 'QC3!2.#C=_=r$: C-!6=*
! !* ffi!QG('U? C.w)fl>=r=! 2! "!$# T $)Y =;$:< 'IM66(EG C3! $:}m}L?6}2(!2$($8 C3!C.
&! #>&$8ffl'$fl}2Kav/Ł2L+@+ŁwyŁ205j@8 NM   O 0R\=\ [sR\M ZRffi\ffi\M K


" cKy < ') j"TKZ`1/6(3ffi!QG W K fi)>=4 =4/ /{K O,}EGA '$8 C3!Iffi!QG # 2fl*+ ffi$: C3!C.j&$8ffl'#fl
$fl*A T $g')2I+!%&!$#TK 1!,CfffiŁ69EŁ2=Ł ffiGH4s:V/H ffiJ]1+ffiŁ=H;-ffiBD+J

 ?62
R6[$M=O K
 
CffiD* G -'/ !2$: (-' 6P=PffiP-K


R
/
K
'
*lU=@=  1 K-K1`[C.D'%u/3 O-K
'
K 3$g GA* /3,ffi!QG W]K
A
K
 
Cs* (Z!/{K
+
/<D /
A
}2 C.a"##fl
!6/$gSffi=! G('U?2Kfiffcfl^F:G/ ZF@H 3R	,  ,ffi ffi[$OffiMZR\=\R K


M O-K `[Cffi-xffi!QG
+
Kt`j ?/{K #Z!/} !%Gs7}'$gEGI. Cs* GA+!6C.&!$# (

fl!'2Kb/Ł2Lffi#Ł+
j@8  R O[3O	 6PQ  K



+
K #TK Z)6U?+8CNK #v!=* JC=D $:)>= . Cffi5'ECS=?6D+! =Ifl* $8P?*  "!$# ('EC-!QG="! &$8ffl'$fl}2K
3Tffiv  0M=Q	8[sMPM  6PQffiQNK


,ffiSW]K ` ffi') =r=!=! 
A
K
A
 s*+* /3 cK!y < ') Tffi!QG K 9#flU$#"=K >C='=* 9P=57*lD $ ! 0! &!$#
N'EC3! G="! s$:ffl'$fl}2K 1!$,Cf=Łt%BDF@ &fl&'& ZffiH4-ffiBf@2C^9=Ł20@/BVG j0+J%CfH5EB<0Łu fi=J)(
%@CD@JŁ@+* tfi-, Z+! ?6}2g tRffi\=\=MNK


/
+
K #TK fi)6U?78Cffi!QG 9K
ff
)6ffi!NK
/
CF=@?6/<0! =Ifl* $8P?*  "!$#p('EC3!QGffi"!Y&$8ffl'$fl}2fl0!
$: 5'ECS=?6D `C-!K 3Tffiv   0Mffi\ffiP6[sM	Q  6P=Pffi\-K


OSW]K Z)>=4 =4/ /{K 9* 6g ( %:$: C-! # C3! "!$# fl N

fl6!."! Gsfl}') # !6=* !(S+)}2 s$:ffl %:$:fl fl
ffifl>=wKT"vfl?* CS=rr$)2  
+
 /* .<* G0/! #6/  $ !-
'
'fl* $ !BC.
A
')!QC3* Cffi !# 6P=P"-K


Q5AK`vK
 
8G-K `# /}') '=*cA8C3flJ?+!$TCCS?2$:fl=I "qffi! CSM ) '$: #6.%fl!6'$8 C3!ffiK ~s 'ffi=Q
R=M6[3R 	 P"MNK


6P/ ,K
+
K !jEGA* >=;ffi!Y=! G
 
fl!(')
/
KU"kK #	!}=*(=;$)QCJG]J?J?*7 'UM*  $TC $:)6I(/ ')h.#Cffi
fl=I7*lD $: 2 0! $)IU=50!QCS'/ GY(

fl!6'^C.1$ C ?8C$g/0!K ~ffi,SLV^1+=LV  ffiQ "ffiM/["ffi M
P=Offi\NK


R\/
A
K
'
K (=5 $:)vffi!QG W K ,K
 
$g/_=;ffi!ffiK 1 G!2$: (-'6$: C-!NC.9'ECS==%C3!N=	Cs* 'fl*l-2fl>M(

fl!'2K
~SL1+=LV  ffiO 6Pffi/[ P=O 6PQ	=K


R	 cK !flg+!QC	#"1vKNO, '2"!&%*TAK cK3yD  a=! G|"TK0KN9* / $ =;ffi!ffiK #b* >CffiD $)>= . Cffi * CUCS?
=;$g')0!Kvfilk ~ffi3AL^EBfFffi -M ffi Q[3Q=R  POffiQNK


RffiR4vK
/
)! 
+
KUW K
ff
!QC % C 65TK=  C /ffi!QG5"TKU`bK
A
flf!/{K
'
'$TCffiU$# '$:+!
A
)/_=	CJG !=!J=I '
3$gUM+*7 $: WC. "!$# M&hM 1!2$g/f!6=*N>CUCS?Kwj0=ŁF@H5 6BDC G ffiM  R=Q" ffi[$R=QffiO"fiRffi\ffi\ tK


RffiMS"TK# #6UIffi!QG cK7y /D ')K(fiEGsfl'/0!$:)6
/
C-!2. Cffi_=;$: C-! (?6' 0! &! # s$:ffl'$fl}
O,}EGA '$: C3!K 1!8^@2CfHIE/J fi=J	%U@2Cf@JŁ@h=JS1+0J	%CfH5EBD+Łu Z?6=2 Q/[ R 9R\=\ =K


R SW]K
ff
fl %u/jffi!QGO-K 3$8 A* /{K

?2$:fl=r=*'QCS=@?=fl2$&.#Cs* Gs+!!C.* }4"!$# (

fl!6'25fl0!
$)/_=%CUG !=!6U=5 '2affi!QGYffifl#ffi7*+ "!0!2. Cffi_=;$: C3!K b/Ł2L0@2+Ł4#Ł+51@u NP  M=M[$ Q P=Q ffiK
 	
   


R"ffiSW]K
ff
fl %u/3"TKU`bKjWx$)-  ,=! Go"TKU`bK
A
flf!/{K#b* >Cffi< $:)J=w =! G
A
)/_=%CUG !=!6U=5 '2a.#Cffi
&! # N'EC3! G="! s$:ffl'$fl} O,}EGA '2$8 C3!ff #HO,'$: '=* fl G=K 1!SAK
+
}'/  "-  %ffi!QG
+
K
'
K
/
K
/
*  % kEGA $TCffi  r^ 1+ffiŁF@HI 6BDC G EJ j0sBf@ŁFJ=L+

GsK!$#
A 
#  1 N/D 2 
9*+fl/ #j' GL=I '\O^flJM*7 2)/   PffiP=PNK


R/SW]K
ff
fl %8/{K W .#Cs* G LM (/"#6/b.#Cffia!fl'/* / ' '/ G. C3* GA0! =! G )!JM6D GA "$8 C3! ?}EGs '$: C-!ffiK
b/ŁLV-#Ł+^j@8  M ff0M\"6[3M	,ffi9R\=\M K


RffiO4vK s$g T`bK`[C.=r=!=! jK
'
C=U$&(')  `bK0AK y8C=g cAK
 
K fiffi!QGA* 2 k`vK NK Nffi! yffi!QG
"TKffj 22! K
/
C-!2. Cffi_=;$: C-!6=*($8ffi! $8 C3!y0! #78Cs G1ffi!QGffi#7ffl`C3 G ^'QCS=@?D `C3!$C.9}22fl* $ 
.{8CF= !/} !=50!fl=I "$: C3! =* >CffiD $)>= ffi!QG4.% CF=	 ?/DP=4!2$(=* G=$(AK ~-1+ffiHI=LV,BDC Ł/B 

GJffi -R ffiffiM/[ffi O  6PQ  K


RffiQ5AK,KtWI'
/
6 %7*7*K
A
)4

fl+*7PMD+flJ= ONU$: $: C-!
'
fl!6'$8 C3!5ffi!QG
+
6(O =7
+
0!QGA0!O,8CSM6UM+* fl
 $:  .#Cffi "!$# -'EC3!QGffi"!3$8ffl'$fl}=Ka1+AL GAHI@2C}  RffiP  "\ffi/[ " P PffiP=\NK


RP/ cKy < ')ffiK #  !&$gL=;$: ' # ?>?68Cffi') $TC " !=!6U=5 '^O^ CffiAU=@=50!S+!
+
 Cs0!2. Cffi_=;$: '2K
1+0J	%CfH5EBD+Łu      ffi[ =O=O 9Rffi\=\ffi\-K


M\/ cK'y /D ')ffi!QG
/
KfiWh! K #b* LM6}= 'm" !=!J=I '!O,8C=s}U==5+!6-K21! 9+}')!/3c`vK-ffi!QG
^0!/ g(! 
/
K sEGA $KCffi33vL

@CDE/+ŁIS@/BfF==L+

GIvJ5t%BfiECf@ ?@ŁFJ=L+

G	sBfFxJABD@C (
JEBD+=JELZffiJ	%@2Cf@J=Ł@
skIy?:?62cM P[sM"  N=+!$fl y+*7*  fl(* 2 fl
+
=+!  Zfl! C-!
1l*lffi!QG 
'
=!6'9Rffi\ffi\R K (?D0!/v !
/
qR ffiRffiRNK


M	 cKfly /D ') 
/
KWh!2/3fiffi!QG<ONKs$g !K
A
C#/ G4BGA ('/P?*70!\C.G !=!J=I '!?68C=AU= fl
=50!-K 1! N')flJM/U$- K1ffi!QGfifl(') 
+
K1ffi!QG 2g( !bK #EGA $KCffi3aJ	%UCDHIEB<@@

B 
'2$:fl} ![C$g24+! 1!. Cffi_=;$8 '2 V?6=2aM[  K(?D+!6/3ZRffi\ffi\R K


MffiR cKy < ')hffi!QGO-K s$g !K 1*=@?* L=4!$80! #b* =LM= ' " !ffi!6U=5 '^O,8C=s}U==5+!6Y0!4$)
'
fl!6'$8 C3!6=*,ffi!QG$) 1*=@?/$: #6 ON GA :=xK 1!
+
Cs $&!  #fiK #kKjffi!QG W  3*7* /3
+
K cEGs $TC=3
YEffiBfF@HIEB<0Łu;% ,Cf

CDE/H Z=J66B<C{/Ł/BD+ffiJ  # Cs*+flJ=4 R=MffiQ" C.b3=C<0J

@2Cs@Ł/B{Cf@ sBf@u4+J
ZffiH4-BD@2CctŁ+@JŁ@,Z?62&:[sRffi\NK (?6<0!/3ZR\=\=RNK


MffiM 1iK
A
0!QC='EC ZAK"TKZO^fls*7  Zffi!QGYAK K
 
!$ $K &!$# . Cs* GA+!6-Krb/Ł2L0@2+Ł4#Ł+ISL^j0LV  
Rffi\ ffi[3R=R" P=Pffi\-K


M   !yflg0!QC#ffi!QG  O, '2"! %K s$:ffl'$fl*y=! G>'ECS=M+!6$TCffi<l=*'EC3!&$8=+!2$&C3! M66(
?6=7D0! 0! * }!=fl'/* QC$: Gh(

fl!'2K ~ffi?F@C{j1+L  6\  0R  /[3R ffiP  6PQtK


M"ffiS`bKUW]KfiWxU$80!2"=K#v! "!$# . C3* GA0! ffl* =Kab/ŁLV-#Ł+51@u  R0M=R=M/[sMffiM  6PQ  K


M/5AK ONK # M6}ffi)6U=4 -W K#ffi! G!
+
/}  #fiK#ffi!
+
$&!>Mfl} sffi!QG
/
K
 
K #kK O,*  )uK(O^ QGA '$: C-!NC.
&! # ('EC-!QG="!r&$8ffl'$fl}Z+!'/*0flQGA0!D?(flQGJC %/!QC$ $:+!  M !4'ECS=?fl2$g/Zfl=hfl* $: C-!ffiKv/Ł2LV
yŁ2+65j@u  Q 0Mffi\=M ffi/[sMffi\ 	 PffiP=\-K


MffiO #kK ONKfl* $ !2#
'
KU`bKU"TK#ffi!
+
$&!JMfl} -ffi!QG
/
K
 
K #kK O,* / )uK
A
)
/
CF=@?fl$&/ 9P=Ifl*l$8 C3!
C. &! #
'
C3* GA0! O $) #! /+!  1!2$8 ' #v* >CffiD $)>= K ~ffiSLbj0L yR"ffi \ 0MffiO[ffi	
PffiPffi K
   	
 


MffiQ 1iK 1 K
A
 $TC#"eTK #TK'1 #ffi! (! % C=! G !bK #kK9VC3* ')6ffi!QC	#K
'
1
A
!2g fl4
   
fl(}2`C3fl 'S.#Cffi
&! # .#Cs* GA+!afl=Ifl* $8 C3!M66(EGNC-!y=!$: 'v=* >Cffi< $:)J= k $:) * Cffi'=*Q=50!fl=I "$: C3!K Z=H;-ffiB{
?A@ŁFJffi  ffi Q[ ffi" tR\=\=\NK


MP/S`bK	1luU=@M6/U$yffi!QG #K"TK Z AlAK#WCJG=/*70! "!$#1.#Cs* GA+! ?6$:) k $:)@?(flQG>C %/!QC$& "# ?>?*+ fl
'$: C3!k$TC5)>?6$8 $8 G* $(ffi#7fflvDflMQC"!J=4=Kfl,Cf=Ł6-#EB<LyŁ2EffitŁ2fiA PO  ffi ,ffi[  ffi=R\ 
Rffi\ffi\=\NK


A\/
/
K
'
*lU=@= 
 
K
'
C-!2$gffi!6 1iK3-K-`[C.D'%u sffi!QG!O-K-')=fl&$& K&&!$#o. C3* GA0!I$c/* L=4!$g"!
&$gL? }2`Cs*0fl2$8 C3!ffiK4c^   +MffiR ffi/[sM=MffiQ9R\=\=\NK


  9K 9j##6u %VK "v cfl C3!m'EC3!&$gffi!2$&Y!/$:)S'/D $: '=*[?QCs0!2$r. Cffi$:fl=4-flGL?! G!2$fi1 +!
=%CUG/* K3jF:G/rj@#  ffi 0R=R /[sRffiMffi\ P" -K


R 9K #kK 
/
fl!2/ffi!QGY"TKW]K
/
8C$)/ K
A
)hL?2$TCS=	C3!66'EC3*7* C=`CS=r(?*+ 'EG] G"&!$#
'ffi!  T $g')^M$ ! $ C #b* $&D!$g 3$8ffl'$fl=*
'
Cffi_=wK j0=ŁF=@H5 6B<C G M=R ffi Mffi\ 8[ffi M "
PffiPM K


M O-K
+
!/U$1=! G
A
K="yffi!QG %8{K jflMQC= T $g')!(Z!QGi[-v$KCUCs*(.#C=N G!2$8 (-'$8 C3! C.9DflMQC= T $g')
&! #cKTb/Ł2L3yŁ205j@8 NM=R 
 
>M- #/y g2fl ffi ,ffi[ ffiP ZR\=\ K


"
/
K
'
* U=@= 1iK-K#`[C.D'%u/3 ,KWxffifl}/ fl s$:8C3)  O-K
'
K 3$g GA* /3cffi!QG W K
ff
)*Kq"#2 s!IC.
=Ifl* $: &$(JM* 4&! # =%Cs* 'fl* 2K cj -O0R ffi[sRffi9R\=\ =K


ffiS"TK
+
2)K N'EC3! G #9 !#=*+fl@C.,$:)x=U?*l6' ffi!SWh$:D  . CffiO,}EGA '$:+! "!$#
/
C3!2.#Cffi fl
=;$: C-!6=*ffT $g')\M !SWYfl$g$: C3!K j0+J%CfH5EB<0Łu  #[G #ffi!' #j''2g 9Rffi\ffi\  K


/4vK
'
 !$-rAK
'
K Wx !ffifl#
/
K  6'/8G>C$ SW]K
'
Cffi#=rffi!2$- W]K V?6D+! ]W K1yffl!JM/} fl
Wx=!6JCZffi!QG ,K
+
* ffi!

fl$K #3(')/D ') S'ECs*+ O^)6!!*l*lffi!!* fl $ &! #  !=!2$)$((

?6/8C3!
}A C3!ffiK ~ffiY=LV,j0LV  O	0R=MP6[3R"  P=Q=MNK


O
/
KO^)+*7P?>?j-K
+
!68G 
/
K(O-C=U$: /3 #fiK
 
2&$:) C. 
+
K #Z)}2 =;ffi!!"tffi!QG
/
K #Z)}2 =;ffi!!K
WCs* 'fl* /GA g('$: C-! C.w$)?(flQG>C %! C$ >C	#6/f!0! $:)q$8ffi!*l$: C-!6=*}sfl*l$: C-!C.
#s(')/D ') 'EC3*7N<PMQC`CF=;=*F?68C$g/+! ,ffiNKTb/Ł2L0@2+Ł4yŁ2+51@u -RffiM*  Q[3R=Q  6P=P ffiNK


QS"TK
 
Kj=6"/+! %6Nffi!QG]AKW]K
A
 !* C={K fisfl*l$: C-!\C.#$:)6S)>?6$8 $8 G=/* $( #+DflIDflM C "!J=;2 
A
CY'/* 6
#Cffi#!QC$v$TC'/* 6
# cj  ff0R=R ffi/[sRffiM=M 6P=P ffiNK


AP/ 1iK vK
 
CJCs*  #kKfly*	'% Zffi!QG daK #Z!QG>C K ^PMQC$TCffi+! }'EC=3! $: C-!\C.vDPMQC`CF=;=* "!$#|ffi!QG]
?6 CF?QCu=* . Cffi#$:)D=;')6ffi!  = C.b$:ffi!* Cffi'$8 C3!ffiK>?ffiCf@J6Sj0=ŁF=@HxjtŁV  O+R [sR"ffiP 
PffiPR K


ffi\/S`bKU"TKtWh Gs)6ffi!ffi!QG
/
Kfl2$)D ffiK # !QC#/* M(-fl ?6=7D+! 0!2$&}'$: C-!M6$ !4/,RIffi!QG / 
2! "!$#cy2fl=2&$ k=;')6ffi!  = . Cffit$:) '6$(=* !$: '46'2$8 #$8 C3!WC.Z$:)6T ?*7 'EC`CF=4=K fi@2L7L 
O  3ffiffi+Q\M/[sQ O 6P=PR K


ffi	
 
K
 
+! %*   #TK !1ffi)# kffi!QG cK K
+
} %u/{K
A
) U=I+! G/D #/$: #2<M+!QG =4g(!/
&! #cGA7}'$:* !I$KCm}3fl* $g5!I ?6 g C3!Kw#EB{Cf@, P 0P ffi=R/[3Pffi 9R\=\R K
 	
    


ffi R
 
K
/
K
 
0! %* /3 ,K
/
C3)!-fl
/
)6=*lJ=I 2) =! G cK cK
+
} %u K # != &! #|&$:ffl'$fl}$)6$
'EC-!2$88C3* S! ?}2g C3!YM !M0!QGA0!
'
W !bK ^CDffiŁ6T#EB<LjyŁ2Effiv9Ł2V fis yP=P {R ffiffi
ffiP=\=Q[ ,ffi P M9R\=\=RNK


ffi MreTK# ?2)2$&+! ff#kK KWY78C3!QC	#"=ffi!QG(#K !yfl GA* /{K
A
)TDflMQC= T $g')-fl =4QGA $gEG4'QC3!2$:8Cs* C.32fl* .%fl
=42$gUMQC3*7  = 0! M6'$&<lAK ,Cf=Ł6,#EBDLVsyŁ2Effi99Ł2V fiA  6\=\ %P  ffi \ ffi=R/[ffi \ ffi"9Rffi\=\=MNK


ffi  #kK
 
=* $g/3 "TK
A
flf! yAK 9fl= W]K# !$ $8*  O-KyW *7* /3k"TKyWx$)-  #=! GW K
ff
fl %u K
/
C ffi =* 3$(6' %60!C.y`j/*+ / #9!)6ffi!'2
+
+! GA+!BC.

*+ >CffiDflM C3!fl'* EC$8 Gwffi!QG 1 =@?68C#6
O,}EGA '$: C3!WC. "!$#
'
Cs* GA+!6-K ,CfffiŁ6yEffiBDLV3yŁ2Effit9Ł2 fis tPVP=R Q/[3P=R=R=R  PffiP  K


ffi"ffiSW]KW]K 9VC-!6  %8(O  G=$ $ K #kK 3ffi!QGXONK #TK Z)_?ffiK
A
ffi!  ?*7 '/+!^C.= &!$# ?6}'fl `Cffi 
+! #= $: C KZ@2L+L  ffiR  ffi[$O	 P=Q ffi K


ffi/
 
K0AKvWSfl_?)!#%9K ONK
 
$%+! b=! G #=UMl=! !bK+1 G!2$: (-'6$: C-!<C.4 !QC	#6/*9d M6=!6')
&$:Dfl6'$:fl x6 ffi!0!2$g/_=4EGAl$& 0! $: !U?6ffi!QC`CF=4!= &!$# ?6 Cffi'2g0! k# G!'I. Cffi^$:}ffi!
 ?*+ '/0!-K fi@2L7L O  ffi O[ ffi=R ffi  P=Q"-K


ffi O cK #K fifl2$ $KC-!4ffi!QG5AK
/
K
+
CUC$)8C! G-K# #= G!6'a.#Cffi $:ffi!b ?*+ '/0!Y0!a$:"!J?6ffi!QC`CF=42K Z@L7L 
ffiO ffi=R=O/[ffi M ffi 6PQ-K


ffi Q cK #K"## xffi!QG `[CJG=`C3! ,K 1!6*++! %:6=mffi!QG&$g G ! &$($& &!$#52fl=2&$5$:}ffi! fl
 ?*+ '/0!R=r ! MI6g`C=' $&QG T $)h ?QCs* !6'/ &$:8C3! 'h$8ffi!('/Dfl?$ +!N') &$KC=`CS=;X=r=!`C3!K
SL 1+ffiŁF@H ZECDE:BfL  QffiP 0R ffi[3MffiP P=P=ONK


ffiP/;d K
/
 Cffi!QGK #TK
 
CJCUG`C3!ffiK "#2&$(UM7*+ "/0!ffi'$C.T=!q2"!$#z&$gL= fl(* CJCF?\C3! ffi! $ fl
$g!fl6$TC=a)+_?+!+!$) ffiLC3! C.b$:)6
A
$:ffi)!J=4!6<?}#fl( &! #kKoc^ $0Pffi\:[3P 
PffiPQ K


ffi\/S`bK9`yfl$:)QC =! G
+
K
+
/ %/)QC3fl2$K
A
CY=* $&/f!6$:+! &$:ffl'$fl}2 C.^$) ` 1 e fl#5*  G/ &!$#TK
cj -O  ffiM/[ ,ffi=OtR\=\ffiK


 
/
K
 
Cffi % =;ffi! ffi!QGfi#kK	98C=s)ffiK ![C># G!' $)6$<= "!$#c)6#6 * C/r.#Cs* Gs+! .{}
! s 2w$:)6ffi!ffi!QG>CF= (

fl6!'2 T $) $:)6ruJ=;GA+!fl6'/* EC$8 G!GA &$8DflM=fl2$8 C3!ffiKrbŁ63yŁ6
j@8 NR=O  R   ffiQ 6[ffiQ=RffiR 6P=PffiP-K


=R cK #TKfi6(h=! GqW K
+
* . CffiU$K # $:=! fl 6'2$80!"!$#p6Th'EC-!2$88C3* T $g')0! #s(')6/D ')l
'EC3*7 T" # =%CUGsfl*l$g2 .%fl!6'$8 C3! M !r. Cffi_=5+!6 =* $&/f!6$: #6r&$:ffl'$fl}2K ,CfffiŁ6fi#EBDLVAyŁ2Effi
9Ł2V fiA NPO Q VP=P P6[-P=P=R fiRffi\=\ffi\-K


=M4vKO-2`C3*  ,K3fl+!  vK yD7*+* C
'
K#A ''+fl*+*7 
'
KyWY s!QC-!
/
K7y g cffi!QG
/
K N''EC-!=K
/
A
(G:M4ffi!QG+/
A
Z $gj ?6'/ =*+ "EGBG=$gUM66(%C.fi(

fl!'Tffi!QG;. fl!'$: C-!6=** L=;!2$& C.
ffi=! G Mjfl!2$:=!* $&QG }A C-! C.bfl %:"! C$8 'D= &! #cK /?QG=$& R\=\R KYb/ŁL+@20Ł #Ł+
j@8 NMffi\  0MffiM ffi[3MA\ 9Rffi\ffi\R K


 cK y /D ')ffi!QGAK ZEG/{K
'
8CS= &!$# . C3* GA0!$KC$)/_=%CUG !=!6U=5 ' =r$g')0! v+!-fl
'/*0flQGA+!6<?(flQG>C %! C$&K
A
')! '=* Z>?QCffi$wR\=\=M[3\=M
A
')=! (')6
'
 %/fl* $(_$- /! #6/  $(_$
+
 /* .</* G ZR\=\M K
   	
 


 ffi #fiK ^ #/]=! G ,K cK #SGJG !K # G !=!6U=I '?68C=AU=@=I+! =* >CffiD $)>= . Cffi "!$# &$:ffl'$fl}
?6 QGA '$: C-!S0!'/*0flQGA+!6<?(flQG>C %! C$&Kb~ffiY=LV,j0L tRffiQ ffi 0R\ffi=M/[sR\ Q  PffiP=PNK


"/ O-K N')fl&$g/3
 
K
'
C-!2$(=!"-O-K
'
K 3$( Gs* /3=ffi!QG&1 K-Kffi` C.D'%8/{K
'
8CS= (

fl!'1$TC 2)6U?2
ffi!QG\M6' % # '6(w&$:flQG!5+! &!$# ('EC3!QGffi"!r&$:ffl'$fl}2K ,Cf=Ł9c3tffiŁ6s=J=ffiZ# sR"ffi ffi
R=OP6[3R=Q	 PffiP  K


=O cKy /D ')ffiK # ?* =0!+! ffi!QG
/
C3!2$:8Cs*+*7+!6 #$=@M sfl $ !a+!r" !ffi!6U=5 ' O^ CffiAU=@=50!-K-,Cf=Ł
ZffiH 0JEBDCD7E/L9EB BD@2CfJSYEBDŁF+J

?6 6[ ffi PNR\=\=\NK


=Q ,K y<  $:) fl% C3!62  #TK
+
$gL=;ffi! 9W]K9Wh 2)6=*+*  #TK 9#)6ffi!!6Nffi!QG K cK #FG>G !K 9.DU= jffi!
&! # .DU=5+* ! G=$gUM66(=K bŁ2L+@20ŁwyŁ205j@u@ECfŁF tM ff MffiP[  9R\=\M K


ffiP/
/
K
+
K
+
fl}
A
K
A
fl(')* 9ffi!QGO-K #kK Z)_?ffiKI?F@5cj ,6CDL0ffi N')J?$&/ (?*7 '/+!6RO,}'fl fl
`Cffi  $TC= &!$#K
/
C3* G (?D0!`1_MQCffib=UMQCffi$KCffi"!IO,}2g N('EC-!QGSEGs $: C3!" 6P=PffiP-K


O\/ cKfly /D ') ffi!QG O-Ks$g !Kbe1/ u$:7* xffi!QG G'/* $: #6BG !=!6U=I '^?6 CffiAU=@=50! fl0!
?6=7c=* =LM6Kk0! ?}L?6/}$: C-! ZRffi\ffi\ tK


O	 #fiK
+
C3!!2$-bAK
 
fl!$&  O-K VC-fl."bffi!QGd K1ecffi!DG=O- K # # G=!'q$:)6$ =I '/8C &!$#
?6 'fl `CffiU 5fl!*7&%u C$)/5!QC-!-fl%'ECUGA+! "!$#c w)6#6 * C/a.#Cs* Gs+!.{}o!/}A 2 $:)6ffi!
ffi!QG>CS= (

fl!6'2Kw1+=+J	%UCDHIEB<0Łu tRffi\=\ K G>C3  \NK \=P=MA M C3+!2.#C==r$8 '2: M2$)MffiO9K


OffiR O-KU`bK

* (! ffi!QG e K # =M8CK
A
)a*7+! flh}3fl* $TC="! &! #'EC-!2$88C3*  G#6/* CS?>=;!2$(=*:$:fl=I+!
+!
/
!QCffif)6UMQGA $8 h/* =ffi!\M !M* Cffi'%+! 1 ! fl#  ?6 C$&+!S !ffi!2$:)62 I.$g/#$:)6]+! $8l$: C-!
C.c$8ffi!* $: C-!ffiK

@j0LV tR   O	8[Qffi\ PffiP=P-K


OffiM #kK !1ffi)#  !bKfiflQG= uffi! 9W K ,K # M6/U$-5TK
ff
C-fl K-K
+
8C ! s=! G K K
+
} %u K 1!$: '
/
C-!2$: C3*-M !ISWh$gUMQC3*7 $&
+
0!QGA+!6 = "!$#kK ZF@HxZ1+=LV 9P  \ffiM[$\P fiRffi\=\=RNK


O S`bK y8C=!#6/* G K
A
)P=%C3!"fiffi!QG AK#ffi! " fl0!ffiK
A
ffi!* $: C-!6=*N'EC3!$88Cs*FC. =r$:fl$: C3! fl
?6 C$&+!S !ffi!2$:)62  0!?)6W NR rm8Cs*  . Cffi#$:)6 %60!$: '2C. &! # . Cs* GA+!6  c^ '
* 0OffiP6[3Q=Q  6P=P ffiNK


O"ffiKNL=I} G ffi!QG4cKff-')8C=EG K # DflM C`CS=r=*.%fl!6'$8 C3!  T!'2gu/ !w. Cffit' !2$y ?*+ '/0!
C. $)
A
 ?)6=]$:)!U=5 G!* $gS !=!$:)66(+!$88C3! 0! # # C K 8^@J@8

@  R {P  M=R=O/[
MffiM=O  6P=P=QNK


O/ #kKUW]K vKa"v7'5`bK `yfl2$)QC  TK ) >=w T=! G
+
K
+
/ %) C3fl2$K fisfl*l$gEG	` 1le fl%R &!$#
GAP=4/D "$: C-!RM ! =4ffi!C.k=* $&/f!6$: #6 &!$#z'QC3!2.#C=_=r$: C-!Kob/Ł2L0@2+Łh#Ł+S1@u ^Mffi\
R 0R"ffiO/[sR" ffi ffi 9Rffi\=\=RNK


OffiO cK
/
K NK

* &$)QCJCffif!  KkWI$g! 
'
K
A
K
+
}EG/8CUG ffi!QG K
'
K
+
C3*VKfi# 'QC3!2.#C=_=r$: C-!6=*
 T $g')I$b$) MN!QG\C.!?*l=!$ #+Dfl "!$# }sfl*l$&2 #=7=*3}L?*7 '$8 C3!ffiK &fi] ffi	~ffi  Q
O  ffiQ"ffi"[ffiQ 	 P=PffiP-K
 	
    


OffiQ O-K0AK N')*   K #kK-5y#  
A
K
/
K y*+fl '% ^=! G "TK #fiK"v}U? K
A
=!* $8 C3!6=* ZL?6}2g C-!
C.v$:) #3(')/D ') 'ECs*+

? C-!R= &!$#TK~ffi#j0L fiF@H  ^RffiO" 3ffiRffi+MffiQAP /[3M=Q"ffi \ 
Rffi\ffi\ffiK


OP/
A
K
'
}ffi!') ff#TK O-K fl* $ !2#"K0Kr &$(_U=   K 1 G=2 ffi!QG
/
K
 
K #kKFO,* / )uK(O,8CffiAJ==4EG
'/*+* G=$:)\M !Y)QC %/`C % C. ?* 6 =I G  ff ?8Cffi'2g+!6m$ $:)Y)QC %^= "!$#>M fl%!QGY$8D / 
&$:Dfl6'$:fl}=*}Dffi!L=;!2$&c$)6$c=*7* C $:ffi!* $: C3! ffi!QGr=!$8 (!( &!$# M+! GA+!NK9~ffisSL
1+L  RffiO=M   0MffiQ[ffi	 PffiPO K


Q\/S"TK #kK&(CJGA C3!QC	#" #kK vK e  $: (')6 %  #TK #kKcWY78C-!QC#"^ffi!QG W K ,K1/* .Dffi!QG-K Z3fl* $: C3!XC.
* !6+!<M C= !=!2$)2  ffi!QGq$8ffi! ?QCffiU$I!S0!RM6'$g/D   !2$ ffi!QC$:)6/&! # DflMQC= T $g')
b/ŁLV-#Ł+51@u NM	 O ffiQ[O"ffi=O9R\=\=MNK


Q	
/
K #TK
/
$	
/
K-Ky} ffi!QG O-'fl*7 
+
K #kK " !=!6U=I ']'EC3!2.#Cffi#=r$8 C3!6=* =%CUG/* . Cffiv$)
8Cs* C. 1
A
NR]+! ?6 -fl(2"!$# ?68C='g+!+! !26&$2KT^ NQ 0O=Q6[sOPO  R\=\=RNK


QffiR

K N')+*7*70!  1iK#=ffi!SM/+!"kW]KyW *+* /3kW KU`bK N')>=;=*+ (') =! GAK3$ * %uffiK # ?8C$&/0!-fl
GL?6!QG!$bDflMQC= k $&')T'QC3!2$:8Cs*7*++!r B}8
b CS?6/8C3!  ?6}2g C-!w0!;1E/Ł7L7L2c AB<+L7   &!$#
&$:Dfl6'$:fl 4$:)6/-$)6ffi! (

fl!' ?8C	# Gv0!2$&}'$: C-!  ?'/ (-'/ $ !AKjb/Ł2L/yŁ2+Tj@8 ffiM=R
R=Q"ffi=M/[sR=Q 	9Rffi\=\ K
   	
 
  	

        
     	    

 ffflfiffi! "
# %$'& 

$
" #  y=!TQ=O flu!fl'/* )($: *=r}sfl*l$+(ffi-, &!$#$:)$c'$&b0!v$:=! T $)b$ .(/*A /}!2$
0
&! #c)1FJ6ffi!2* C 3fiKv" # )663(%4542( $&qffi'$&(-!S$)2( $:=!('/D642$: (-!6=*}sfl* $7(ffi K
"c #p+!2$g/'$& T $) $)5FJ6
0
&!$# &$(U$b=!8* &$7(94 ')(:*;(3!h}A (3!v$7(5.<(ffi
0
4')(ffi>=ffil*/&$(6';?
=!8*a$)/}A@,r* "*$7(B*s}"*=$: (-!C(.jFJ
0
&!$#TKED! ')(-!2$:}6&$>1 " #F@66(B46=7 b0!TG*s ('/}$g
.D62) (-!)T $)IC}s
0
&! #$:=!* $8 (3!6=*:(94/$7(fficffi!2* !6:@* 2k$8ffi!* $: (-!ffiKHa)fl)1I*A /}!2$
')(3!2.J(ffi
0
$8 (3!C(. "c #	* "* $+(K(%4;42(= $g }sfl*l$7(ffi-,x ,'$&C(3!;$g/ =$ "!$#cK
L
ff%MN

N JO
PQ
!/}R,Yffi!ffS%TU'V;WYX5ZK[W
P
N}')I>46'.<6\@* 
P
H,
0
4/$:fl}yMffiO3]
P
Wx>=sK s$:ffl'$fl}2  ffi \
^
\O


$E&
N 

O
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 0  2  4  6  8  10  12  14  16  18
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of dsra
_<`>acbedf
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 100
 0  2  4  6  8  10  12  14  16  18
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of dsra
_ffgha	bjiYk-f
#
 

<NlBm %nw"v &$(ffi!'K4* ($&k.<(ffio* #TK
   	lcOO l
$
  ;ON;O
 
$
OjN
$
O

OCO


E&  
JN;O
AC
AC
AU
CA
G
AUU
U
C CUGGUGUAACGAAUUUUUUAAGUGCUUC
U
U
G
C
U U A
AG
C
A
A
G
U
U
U
C
A U
C C
C G
A C
C C C
C
UCA
GGGUCGGGAU
U
_<`>a
ACAC
AU
CA
G
AUU
U
C CUGGUGU
A
ACG
A
A
U
U
U
U
U
U
A
A
G
UG
C
U U C
U
U
G
C
U
U
A
A
GC
A
A
G
U
U
U
C
A U
C C
C G
A C
C C C
C
UCA
GGGUCGGGAUU
_ffgha
	
#
 

<NlBm   n (-!(!2fl &$8ffl'$fl}2 .J(ffio* # @(2*(3!
df
K
ACAC
AU
CA
G
AUU
U
C CUGGUGU
A
ACG
A
A
U
U
U
U
U
U
A
A
G
UG
C
U U C
U
U
G
C
U
U
A
A
GC
A
A
G
U
U
U
C
A U
C C
C G
A C
C C C
C
UCA
GGGUCGGGAUU
_<`>a
AC
AC
AU
CA
G
AUU
U
C CUGGUGUAACGAAUUUUUUAAGUGCUUC
U
U
G
C
U U A
AG
C
A
A
G
U
U
U
C
A U
C C
C G
A C
C C C
C
UCA
GGGUCGGGAU
U
_ffgha
	
#
 

JNl m   n (3!(!2fl &$:Dfl6'$:fl  .<(ffi * # @66()*(-!
i k-f
K
ACAC
AU
CA
G
AUU
U
C CUGGUGU
A
ACG
A
A
U
U
U
U
U
U
A
A
G
UG
C
U U C
U
U
G
C
U
U
A
A
GC
A
A
G
U
U
U
C
A U
C C
C G
A C
C C C
C
UCA
GGGUCGGGAUU
_<`>a

AC
AC
AU
CA
G
AUU
U
C CUGGUGUAACGAAUUUUUUAAGUGCUUC
U
U
G
C
U U A
AG
C
A
A
G
U
U
U
C
A U
C C
C G
A C
C C C
C
UCA
GGGUCGGGAU
U
_ffgha
	
#
 

JNl m   n (3!(!2fl &$:Dfl6'$:fl  .<(ffi * # @66()*(-!
2
K
ff 	l	OjO l
$
	 ;OjN;O 
 
$
OjN
$
O

OCO


E&  
JN   
 


$
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  2  4  6  8  10  12  14  16  18
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of dsra
_<`>acb djf		

 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  2  4  6  8  10  12  14  16  18
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of dsra
_ g>a b i k-f	
fffi
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  2  4  6  8  10  12  14  16  18
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of dsra
_ffiflea	b
2
	
ff !
#
 

JNKl m   nyec=*7 *=$8 (3! 4* ($ k.<(ffi * #kK
     	lcOO l
$
  ;ON;O
   ff 
# %$'& 

$
Ha)mD\@2( (
0
=* 46Y($g/+! ,ffi')(-!2$: (3* S $& (, !$:ffi!* $: (3!fl@j,fl@+!2*s+!$7(o }#fl
A (-!(. $)
0
&! # (	6/D* :4;40! $)oD6@2(= (
0
fl@+!2*A0!  $&ffiK Ha)6$Y}s (3!fl(. $)
0
&! #
'ffi!S.J(s* * +!2$+($ .(
0
fl2$fl6=*7* ,]=/'/*0fl 6m')(-!2.<(ffi
0
$: (-!5$)6$I} +! *R,=!6
0
 'S
sfl7*+6@6D+fl
0
Y
&$8ffl'$fl} T $)a$ .( )6=7 40!affi!2*h4(fl2*;(%?/!2($


O{K ffi 46 ($&+! @+!8*v$+(I$:) 4(fl2*5(%?/!2($
')(3!2.J(ffi
0
$8 (3!Iffi!2*Y=*7* (, ;D6@2(= (
0
 @+!2*s+!%1o@=fl2$a $v$8:4 $:)xD\@2( (
0
/(3!  $ 4* (8*s+! $&51
4} 6!2$80!S$:);.J(ffi
0
$8 (3! (.j$)5'$: 6;$g/f!6-,hM\9
0
"!$#+! $8l$7(ffi fl $ "!$#X')(
0
4* =sK
L
ff%MN

N JO
PQ
!/}R,Yffi!ffS%TU'V;WYX5ZK[W
P
N}')I>46'y'ffi!2(-! '=* 
P
H,
0
4/$:fl}yMffiO3]
P
Wx>=sK s$:ffl'$fl}2 \ffi\
^
\O


$E&
N 	

O
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 0  2  4  6  8  10  12  14
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of s15
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 0  2  4  6  8  10  12  14  16
TD
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of s15
_ffghacb
iYk-f
#
 

<NlBm   na"v &$(=!6'4* ($&k.<(ffi,,ffiNK
ff 	l	OjO l
$
	 ;OjN;O   
 
$
OjN
$
O

OCO


E&  
JN;O
C
U
GGGA
UCGCUGA
AUUA
G
A G A
U C G G C G U C C U
U
UCAUUCU
AU
A
U A C UUU G
G A GU U U U
A
A
AA
UG
U
CUCUAAGUA
C
U
_<`>a 
CUGGGA
UCGCUGA
AUUA
G
A G A
U C G G C G U C C U
U
U C AU
U
C
U
A
U
A U A
C
U
UU
G
G
A
G
UU
UU
AA
AA
UG
UC
UCUA
AGUACU
_ g>a 
	
#
 

<NlBm  n (-!(!2fl &$:ffl'$fl}2 .J(=^ffi @(2*(3!
df
K
C
U
GGGA
UCGCUGA
AUUA
G
A G A
U C G G C G U C C U
U
UCAUUCU
AU
A
U A C UUU G
G A GU U U U
A
A
AA
UG
U
CUCUAAGUA
C
U
_<`>a 
CUGGGA
UCGCUGA
AUUA
G
A G A
U C G G C G U C C U
U
U C AU
U
C
U
A
U
A U A
C
U
UU
G
G
A
G
UU
UU
AA
AA
UG
UC
UCUA
AGUACU
_ g>a 
	
#
 

<N l m n  (-!(!2fla&$8ffl'2$:fl}2a.<(ffi,,ffi @66()*(-!
i k-f
K
C
U
GGGA
UCGCUGA
AUUA
G
A G A
U C G G C G U C C U
U
UCAUUCU
AU
A
U A C UUU G
G A GU U U U
A
A
AA
UG
U
CUCUAAGUA
C
U
_<`>a

C
U
GGGA
UCGCUG
AA
UU
A
G
A G A U
C G G C G U C C U
U
UCAUUCU
AU
A
U A C UUU G
G A GU U U U
A
A
AA
UG
U
CUCUAAGUA
C
U
_ g>a 
	
#
 

<N l m   n (3!(!2fl &$8ffl'2$:fl}2a.<(ffi,,ffi @66()*K(-!
2
K
     	lcOO l
$
  ;ON;O
 
$
OjN
$
O

OCO


E&  
JN   
 


$
 0
 2
 4
 6
 8
 10
 12
 14
 0  2  4  6  8  10  12  14
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of s15
_<`>acb djf		
   fffi 
 0
 2
 4
 6
 8
 10
 12
 14
 0  2  4  6  8  10  12  14
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of s15
_ g>a	b i k f	
fffi 
 0
 2
 4
 6
 8
 10
 12
 0  2  4  6  8  10  12  14
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of s15
_ffifleacb
2
	
ff 
#
 

<NlBm  nyec=*7 *ffi$: (-!4* ($& .J(ffi,,ffiNK
ff 	l	OjO l
$
	 ;OjN;O   
  ffff 
		  
# %$'& 

$
Hw)sB  !]!')(:*2I$:) (3fl2$g/
0

0
@6}ffi! ')(9@6=* 
0
0!Y$:=!>42(ffi$g/a0! &3 (
ŁF@2CD+ŁF7E Ł=L7VK D $&I=E46}2g (-!  h&$8Y(3!6A* , })*sfl6')* (-!ms (y$)fiT $:)m')(%@*l
0
+!)1  ) ')  
4D
0
D7* ,/*sfl6a$+(h')6ffi!24+!4$8ffi!*l$: (-!ffiKev $g
0
+!
+
 	
}sfl*l$g2 =E46}2g (-! (.^$:) v!@j,
@+!2*s+! / $:)6/ *s7}'$:* , (ffi laB46 ($&+!T$+(w$)v$g/ =$c $g	(3! $:)
0
&!$#TK
+
+!8*A+! (.  $(
0
+!
+
 	
* "*;$7( $)5.J(ffi
0
$8 (3! (. m)6=+J4+!m+!x$) * "*(.#$)
0
"!$# $)6$a( 
sfl62&$&Ur$)
<\@2( (
0
=* @+!8*A+!q $g=K/Ha)S}/* 6( (.  $(
0
+!
+
 	
'6=fl(25x&$8ffl'$fl=*3$:}ffi! $8 (3!m0!h$)
&!$#	1 ) ') (%4!Ifl;4I$:)fi)+!:[Z"y=* =f!2( ,"k( 
sfl!6'x.<(ffiD6@2(= (
0
2K

!'x!2(3fl6s)
 $(
0
+!
+
 	
 	46Y(5*sfl6')* 1- $v})(ffi''fl;4 24 $&	@+!2*A0!5 $&51  2.<(s* *A+!65$) ,"!6'/* (=+!])6=7 40!


OffiM{K Ha) )#6r$:)9U&$r=
0
4* x.<(ffi$)Y'/*l6g (.  ('=*7* 2* D6@8( T $g')2)1  ) ') *A+ '$8* ,
@+!2*$7(
0
$g:@2(3*7 $&2K
L
ff%MN

N JO
PQ
!/}R,Yffi!ff%TU'V;WYX5ZK[W
P
N}')I>46'y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl}yMffiO3]
P
Wx>=sK s$:ffl'$fl}2  RP
^
\O


$E&
N 

O
 0
 50
 100
 150
 200
 250
 300
 350
 400
 0  5  10  15  20  25  30  35  40
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of btuB leader
_<`>acb
df
 0
 50
 100
 150
 200
 250
 0  5  10  15  20  25  30  35
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of btuB leader
_ffgha	b
iYk-f
#
 

JNlBm  %n "v &$gffi!'4* ($ T.J(=@2$fl
+
* "*/{K
     	lcOO l
$
  ;ON;O
 
$
OjN
$
O

OCO


E&  
JN;O
GC
CG
G
U
C
C
U
G
U
G
AGU
U
A A
U
A
G
G
GA
AUC
CA
GU
GA
A
A AUC U G G A
GCUGACGCGC
AG
C
G
G
U
A
A G G
A
A
A
G
G U
G A
G
A
U
G
A G
AGC
G
U
A
A
G
C
A
G
A
A A
C
U
G
CCUCCGGCGGG
A
A G UC
A
U
C
A
UUU C U GC
U
A U
C
CA
G
CC A
AC
G G A
U A A
C
CCUC
C
A
A
GCCCGA
A
GAC
CU
GC
CG
G
C
UAA
C
G
U
C
GC
A
U
C
U
GG
U
UU
U
U
C
A
UCA
U
C
G
C G U
A
C
U
AUCG
_<`>a
GC
CG
G
U
C
C
U
G
U
G
AGU
U
A A
U
A
G
G
GA
AUC
CA
GU
GA
A
A AUC U G G A
GCUGACGCGC
AG
C
G
G
U
A
A G G
A
A
A
G
G U
G A
G
A
U
G
A G
AGC
G
U
A
A
G
C
A
G
A
A
A
C
U
G
C
C
U
C C
G
G
C
G
G
G A A G
U
C
AUCAU
U
U
C
U
G
C
UAUC
CA G C C
A
A C G G A
U A A
C
CCUC
CA
AG CC C G A
A
G
ACCU
GCC
GGCU
AA
C
G
U
C
GC
A
U
C
U
GG
U
UU
U
U
C
A
UCA
U
C
G
C G U
A
C
U
AUCG
_ffgha
	
#
 

JNlBm    n  (3!(!2fla&$:ffl'$fl}2 .<(ffi@2$fl
+
* "*/ @66()*(-!
djf
K
GC
CG
G
U
C
C
U
G
U
G
AGU
U
A A
U
A
G
G
GA
AUC
CA
GU
GA
A
A AUC U G G A
GCUGACGCGC
AG
C
G
G
U
A
A G G
A
A
A
G
G U
G A
G
A
U
G
A G
AGC
G
U
A
A
G
C
A
G
A
A A
C
U
G
CCUCCGGCGGG
A
A G UC
A
U
C
A
UUU C U GC
U
A U
C
CA
G
CC A
AC
G G A
U A A
C
CCUC
C
A
A
GCCCGA
A
GAC
CU
GC
CG
G
C
UAA
C
G
U
C
GC
A
U
C
U
GG
U
UU
U
U
C
A
UCA
U
C
G
C G U
A
C
U
AUCG
_<`>a
GC
CG
G
U
C
C
U
G
U
G
AGU
U
A A
U
A
G
G
GA
AUC
CA
GU
GA
A
A AUC U G G A
GCUGACGCGC
AG
C
G
G
U
A
A G G
A
A
A
G
G U
G A
G
A
U
G
A G
AGC
G
U
A
A
G
C
A
G
A
A
A
C
U
G
C
C
U
C C
G
G
C
G
G
G A A G
U
C
AUCAU
U
U
C
U
G
C
UAUC
CA G C C
A
A C G G A
U A A
C
CCUC
CA
AG CC C G A
A
G
ACCU
GCC
GGCU
AA
C
G
U
C
GC
A
U
C
U
GG
U
UU
U
U
C
A
UCA
U
C
G
C G U
A
C
U
AUCG
_ffgha
	
#
 

<NlBm    n  (-!(!2flw&$8ffl'$fl}2 .J(ffi @2$fl
+
* "*/ @66()* (3!
i k f
K
GC
CG
G
U
C
C
U
G
U
G
AGU
U
A A
U
A
G
G
GA
AUC
CA
GU
GA
A
A AUC U G G A
GCUGACGCGC
AG
C
G
G
U
A
A G G
A
A
A
G
G U
G A
G
A
U
G
A G
AGC
G
U
A
A
G
C
A
G
A
A A
C
U
G
CCUCCGGCGGG
A
A G UC
A
U
C
A
UUU C U GC
U
A U
C
CA
G
CC A
AC
G G A
U A A
C
CCUC
C
A
A
GCCCGA
A
GAC
CU
GC
CG
G
C
UAA
C
G
U
C
GC
A
U
C
U
GG
U
UU
U
U
C
A
UCA
U
C
G
C G U
A
C
U
AUCG
_<`>a

GC
CG
G
U
C
C
U
G
U
G
AGU
U
A A
U
A
G
G
GA
AUC
CA
GU
GA
A
A AUC U G G A
GCUGACGCGC
AG
C
G
G
U
A
A G G
A
A
A
G
G U
G A
G
A
U
G
A G
AGC
G
U
A
A
G
C
A
G
A
A
A
C
U
G
C
C
U
C C
G
G
C
G
G
G A A G
U
C
AUCAU
U
U
C
U
G
C
UAUC
CA G C C
A
A C G G A
U A A
C
CCUC
CA
AG CC C G A
A
G
ACCU
GCC
GGCU
AA
C
G
U
C
GC
A
U
C
U
GG
U
UU
U
U
C
A
UCA
U
C
G
C G U
A
C
U
AUCG
_ffgha
	
#
 

<NlBm    n  (-!(!2flw&$8ffl'$fl}2 .J(ffi @2$fl
+
* "*/ @66()* (3!
2
K
ff 	l	OjO l
$
	 ;OjN;O   
 
$
OjN
$
O

OCO


E&  
JN   
 


$
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of btuB leader
_J`>a b djf		
   ff 
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of btuB leader
_ g>acb i k f	
ff  
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of btuB leader
_ flacb
2
		
fi 
#
 

<NKlBm   nyec=*7 *ffi$: (-! 4* ($&k.<(ffi @$:fl>* "* K
    	lcOO l
$
  ;ON;O
  	
     
   	  	
Ha)4!2(
0
 'ff (. @6'$&< (%4)6=YWflfiNRI')(:*2v.<(ffi9.<(-flfi!K.Hw) }3fl* $: (3! (.fi$:}ffi! fl
* $8 (3!(. $:)62(b.J(3fl*A ffi !2$!62v c')(-!2$8Y(3*7* 2*5$,$)a*  6/*)(.ff.J(s* *s+! ffi!2*5fl=!2.<(3* *A0!%1
T)6/}x$:)9 &$w!] 5}sfl* $&2* +!2*=A4!2*=!2$r.{Y(
0
$)3($:)6/ KD!h$:)6SH %@ fl{&$:ffl'$fl}K(.
$:)* 68*=/ 1c$) fiZ)0!#fl:"y=* =/D!8( !fi," ;( 
sfl6!'o @66( 4+})* =!8* 0!6''2g\@* m$+( D\@2(*fl
 (
0
Kq" flD+!q$8ffi!('/D64$8 (3!51y
0
$(&$(:@* m)+ 4+! r.J(=
0
)* 9 &$h1^( 
3fl2&$g/D+! 46U$ (.
$:)flfi" fl%')(-!2$g=0!+!o)6=+J4+!ffiKcHa)  ?uA4T$:)flfi"X( 
sfl!'''2g\@* I.<(ffiyD6@2(= (
0
K"1. $&
 (
0
Y$8
0
 $) 
0
2$g6&$(5@* Y&$:ffl'$fl}o  *s ffl;42$g)* +! .D8(-flc(.k$)Y$8ffi!* $: (-!6=*7* ,q+* !$
H4%@fl{&$8ffl'2$:fl}


O

{K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*"+ TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=* 
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.*\ffi\
^
\O/(
# $E&
N 	102( O
 0
 50
 100
 150
 200
 250
 300
 0  5  10  15  20  25
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of ms2 5’-UTR
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 0  5  10  15  20  25
TD
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of ms2 5’-UTR
_ffghacb
iYk-f
#
 43
%
NlBm    nw"v &$(=!6'K4* ($& .J(ffi
0
(Rffi fl / HcK
#
 	l	OjO l
$&#
 ;OjN;O  
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
GGG
UGGGA
CCC
C
UU
U
C G G G G U C C
U G C U CAACUUCCU
G U C
G AG C U A A U G C C A UU U
U
UAAUGUC
UUUAGC
GAGAC
_<`>a 
G
GGUGGGA
CCC
C
UU
U
C G G G G U C C
UG
C
U
C
A
A
CU
U C C
U
G
U
C
G
A
G
CUA
AU
GC
CAUUUU
UA
AU
G
U
C
U
U U
AGC
G
A
G
A
C
_ g>a 
	
#
 43
%
NKlBm    n (3!(!2fla&$:ffl'$fl}2T.<(ffi
0
(Rffi fl / H @66()*K(3!
df
K
GGG
UGGGA
CCC
C
UU
U
C G G G G U C C
U G C U CAACUUCCU
G U C
G AG C U A A U G C C A UU U
U
UAAUGUC
UUUAGC
GAGAC
_<`>a 
G
GGUGGGA
CCC
C
UU
U
C G G G G U C C
UG
C
U
C
A
A
CU
U C C
U
G
U
C
G
A
G
CUA
AU
GC
CAUUUU
UA
AU
G
U
C
U
U U
AGC
G
A
G
A
C
_ g>a 
	
#
 43
%
NKlBm   n (-!(!2fla&$8ffl'2$:fl}2T.J(ffi
0
(Rffi fl / HF@66()*K(-!
i k-f
K
GGG
UGGGA
CCC
C
UU
U
C G G G G U C C
U G C U CAACUUCCU
G U C
G AG C U A A U G C C A UU U
U
UAAUGUC
UUUAGC
GAGAC
_<`>a

G
GGUGGGA
CCC
C
UU
U
C G G G G U C C
UG
C
U
C
A
A
CU
U C C
U
G
U
C
G
A
G
CUA
AU
GC
CAUUUU
UA
AU
G
U
C
U
U U
AGC
G
A
G
A
C
_ g>a 
	
#
 43
%
NKlBm   n (-!(!2fla&$8ffl'2$:fl}2T.J(ffi
0
(Rffi fl / HF@66()*K(-!
2
K
  
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ms2 5’-UTR
_J`>a b djf		
   fffi  
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ms2 5’-UTR
_ g>a	b i k f	
ff  
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ms2 5’-UTR
_ fla	b
2
		
  
#
 43
%
Nl m   nyec=*7 *=$8 (3!4* ($&T.<(ffi
0
(Rffi fl / HK
#
 	l	OjO l
$&#
 ;OjN;O   
    fi  :  	
#
3
$'&
( 10
$
`1A46$8 $8  */* $g =7ffl u`v",e w wh
0
=*7*+!A* #fl{&$:}ffi!2*=)* ffpu$&/*+*7 $&(.k)A4-fl
$: $:   7fflK;" flD+!S$) Y(s*+*7+!6 fl%'/7}'/* m}A4*+ '$: (3!K(.1$:)65!2(
0

0
fl* $:
0
/ a}r.<(ffi
0
)*91
T) ') !2*I$+( @4'* 6)* 0!2$7(
0
(3!2(
0
/ K!Hw) k'/* 6 /6=x C4.J(ffi
0
)* @j,4$:)6 ffX $ (* . 1
0
(ffi}346}'/ (/* , @j,r$)Y`b",ezD\@2( "h,
0
=K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.* ffi \
^
\O/(
# $E&
N 102( O
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 0  5  10  15  20  25  30  35
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of HDV ribozyme
_<`>acb
df
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 0  5  10  15  20  25  30  35
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of HDV ribozyme
_ffgha	b
iYk-f
#
 43
%
NlBm  %na"b &$gffi!'4* ($& .J(ffi`b"^e	<\@2( "h,
0
=K
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
G
G
A
A
UG
GC
GG
GA
CC
C
C
ACUC
U
G
C A GGGUCCGC
G
U
U
C
CAU
C
C
U
U
U
CUUACCUGAU
G
G
C
C
G
G
CAU
G
G
U
C
C
C
A
G
CC
U
C CU
C
G
C
U
G
G
C
G
C
C
G
G
C
U
G
G
G
C
A A
C A U U C C G A G G G G
A C
C
GUCCCCU
CGGUAAU
G
G
CG
A
AU
G
G
G
A C C C A
C
A
A
A
U
CUCUC
U
A
_<`>a
G
G
AA
U
GG
C
G
G
G
A
CCCC
A
C U
C
U
G
C
A GG
G
U
C
CGC
G
U
U
C
CA
UCCU
U
U
C
U
UA C C U
G
A
U
G
G
C
C
G
G
CAU
G
G
U
C
C
C
A
G
CC
U
C CU
C
G
C
U
G
G
C
G
C
C
G
G
C
U
G
G
G
C
A A
C A U U C C G A G G G G
A C
C
GUCCCCU
CGGUAAU
G
GCG
A
A
U
G
G
G
A
C
C
C
A C A
A
A
UC
UC
U
C
U
A
_ffgha
	
#
 43
%
NlBm    n (-!(!2fl &$:ffl'$fl}2 .J(=b`b",e	D\@2( "h,
0
@66()*(3!
djf
K
G
G
A
A
UG
GC
GG
GA
CC
C
C
ACUC
U
G
C A GGGUCCGC
G
U
U
C
CAU
C
C
U
U
U
CUUACCUGAU
G
G
C
C
G
G
CAU
G
G
U
C
C
C
A
G
CC
U
C CU
C
G
C
U
G
G
C
G
C
C
G
G
C
U
G
G
G
C
A A
C A U U C C G A G G G G
A C
C
GUCCCCU
CGGUAAU
G
G
CG
A
AU
G
G
G
A C C C A
C
A
A
A
U
CUCUC
U
A
_<`>a
G
G
AA
U
GG
C
G
G
G
A
CCCC
A
C U
C
U
G
C
A GG
G
U
C
CGC
G
U
U
C
CA
UCCU
U
U
C
U
UA C C U
G
A
U
G
G
C
C
G
G
CAU
G
G
U
C
C
C
A
G
CC
U
C CU
C
G
C
U
G
G
C
G
C
C
G
G
C
U
G
G
G
C
A A
C A U U C C G A G G G G
A C
C
GUCCCCU
CGGUAAU
G
GCG
A
A
U
G
G
G
A
C
C
C
A C A
A
A
UC
UC
U
C
U
A
_ffgha
	
#
 43
%
N l m    n  (-!(!2fla&$8ffl'2$:fl}2a.<(ffi`v",e	D6@2("h,
0
@66()*(-!
i k f
K
G
G
A
A
UG
GC
GG
GA
CC
C
C
ACUC
U
G
C A GGGUCCGC
G
U
U
C
CAU
C
C
U
U
U
CUUACCUGAU
G
G
C
C
G
G
CAU
G
G
U
C
C
C
A
G
CC
U
C CU
C
G
C
U
G
G
C
G
C
C
G
G
C
U
G
G
G
C
A A
C A U U C C G A G G G G
A C
C
GUCCCCU
CGGUAAU
G
G
CG
A
AU
G
G
G
A C C C A
C
A
A
A
U
CUCUC
U
A
_<`>a

G
G
AA
U
GG
C
G
G
G
A
CCCC
A
C U
C
U
G
C
A GG
G
U
C
CGC
G
U
U
C
CA
UCCU
U
U
C
U
UA C C U
G
A
U
G
G
C
C
G
G
CAU
G
G
U
C
C
C
A
G
CC
U
C CU
C
G
C
U
G
G
C
G
C
C
G
G
C
U
G
G
G
C
A A
C A U U C C G A G G G G
A C
C
GUCCCCU
CGGUAAU
G
GCG
A
A
U
G
G
G
A
C
C
C
A C A
A
A
UC
UC
U
C
U
A
_ffgha
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffi`v",e	D6@2("h,
0
@66()*(-!
2
K
#
 	l	OjO l
$&#
 ;OjN;O    
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HDV ribozyme
_J`>a b djf		
   ff   
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HDV ribozyme
_ g>acb i k f	
ff    
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HDV ribozyme
_ flacb
2
		
fi   
#
 43
%
NKl m    nyec=*7 *=$8 (3! 4* ($&k.<(ffib`b",e	D6@2("h,
0
ffiK
    
#
 	lcOO l
$&#
 ;ON;O
        	  	 !   R
#
3
$'&
( 10
$
v!2($:)
0

0
@6/ (.j$);.f
0
7* ,/(.cAY(3fl;4 D30!2$: (-!r k$) H

BfF:GHI+:GL7EBD@ {GJ(
BDFE@D$+*#!50!2$: (-!ffiKGD!a$:) b7,&$g
0
$) D\@2( (
0
B(=Z( 6/=*  ff ')6:4/Y(3!T.%fl!'2$8 (3!
 ;$:=! fl 6'2$80!x.D'$+(ffi @,/*s ffl;42$:+!]r>4*+ '/0!46} 6!2$:+!6m+!2$g/'$: (3! @$ ! $:)6;e=R(3!
=!8*o+!2$:Y(3!ffiK  ($)]0!2$8Y(-!Y'ffi!m 2.<(s* * +!$7(  $  '$: 6')(-!2.<(ffi
0
$: (-!51$:)flh* "*A+!6 $+(mffi!
Y'/ !$k>4*+ '/0! 66'2$8 (3!


O ffi={K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.*!ffi \
^
\O/(
# $E&
N 	102( O
 0
 100
 200
 300
 400
 500
 600
 700
 800
 900
 0  2  4  6  8  10  12  14  16  18
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of T4 td gene intron
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 0  2  4  6  8  10  12  14  16  18
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of T4 td gene intron
_ffghacb
iYk-f
#
  3
%
NlBm    nw"v &$(ffi!'K4* ($&k.<(ffioH

$+*x=! 0!2$8Y(-!ffiK
#
 	l	OjO l
$&#
 ;OjN;O   
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
UACA
U
A
A
A
U
GC CUA
ACG
A
CU
AUC
CC
UU
U
G G G G AGUAGGGUCAA
G U G
A C U C G A A
A
C GA U A G
A
C
A
A
C
U
U
GC
U
U U A
A
C
A
A
G
U
U
G G
A G A U A
U A G U C
U
G C U
CUGC A UG
G U
G
AC
AU
GC
AG
C U G G A
U A
U
A
AU
UCCGG
GG
UA
AGAUUAACGAC
CUUAUC
U G A
A
C
A
U
A
A
U
GC
_<`>a 
UACA
U
A
A
A
U
GC CUA
ACG
A
CU
AUC
CC
UU
U
G G G G AGUAGGGUCAA
G U G
A C U C G A A
A
C GA U A G
A
C
A
A
C
U
U
GC
U
U U A
A
C
A
A
G
U
U
G G
A G A U A
U A G U C
U
G C U
CUGC A UG
G U
G
AC
AU
GC
AG
C U G G A
U A
U
A
AU
UCCGG
GG
UA
AGAUUAACGAC
CUUAUC
U G A
A
C
A
U
A
A
U
GC
_ g>a 
	
#
 43
%
NlBm     n (-!(!2fl &$:ffl'$fl}2 .J(= H

$7* !6 +!2$:Y(3!@(2*(3!
df
K
UACA
U
A
A
A
U
GC CUA
ACG
A
CU
AUC
CC
UU
U
G G G G AGUAGGGUCAA
G U G
A C U C G A A
A
C GA U A G
A
C
A
A
C
U
U
GC
U
U U A
A
C
A
A
G
U
U
G G
A G A U A
U A G U C
U
G C U
CUGC A UG
G U
G
AC
AU
GC
AG
C U G G A
U A
U
A
AU
UCCGG
GG
UA
AGAUUAACGAC
CUUAUC
U G A
A
C
A
U
A
A
U
GC
_<`>a 
U
A
C
A
UA
AAUGCCUA
A
C
G
A
C
U
A
UC
CC
UU
U
G G G G A
G
U
A
G
G
G
U
CA
A
GUGACU
C
G
A
A
AC G A U A
G
A CA
A
C
U
U
GC
U
U U A
A
C
A
A
G
U
U
G
G
A G A
U
AU G U C U G C
U CUGC A UG
G U
G
AC
AU
GC
AG
C U G G A
U A
U
A
AU
UCCGGGGU
AAGA
UUA
ACG
A
C
C
U
U
A
U C U G A A C A
UA
A
U
G
C
_ g>a 
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffioH

$+*x=! 0!2$8Y(-!@66()*(-!
i k-f
K
UACA
U
A
A
A
U
GC CUA
ACG
A
CU
AUC
CC
UU
U
G G G G AGUAGGGUCAA
G U G
A C U C G A A
A
C GA U A G
A
C
A
A
C
U
U
GC
U
U U A
A
C
A
A
G
U
U
G G
A G A U A
U A G U C
U
G C U
CUGC A UG
G U
G
AC
AU
GC
AG
C U G G A
U A
U
A
AU
UCCGG
GG
UA
AGAUUAACGAC
CUUAUC
U G A
A
C
A
U
A
A
U
GC
_<`>a

U
A
C
A
UA
AAUGCCUA
A
C
G
A
C
U
A
UC
CC
UU
U
G G G G A
G
U
A
G
G
G
U
CA
A
GUGACU
C
G
A
A
AC G A U A
G
A CA
A
C
U
U
GC
U
U U A
A
C
A
A
G
U
U
G
G
A G A
U
AU G U C U G C
U CUGC A UG
G U
G
AC
AU
GC
AG
C U G G A
U A
U
A
AU
UCCGGGGU
AAGA
UUA
ACG
A
C
C
U
U
A
U C U G A A C A
UA
A
U
G
C
_ g>a 
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffioH

$+*x=! 0!2$8Y(-!@66()*(-!
2
K
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 2
 4
 6
 8
 10
 12
 14
 0  2  4  6  8  10  12  14
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of T4 td gene intron
_<`>acb djf		
 
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 0  2  4  6  8  10  12  14  16  18  20
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of T4 td gene intron
_ g>a	b i k f	
ff 
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 0  2  4  6  8  10  12  14  16  18  20
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of T4 td gene intron
_ fla	b
2
		
 
#
 43
%
NlBm   nec=*7 *=$8 (3! 4* ($ k.<(ffi H

$+* !+!2$:Y(3!ffiK
#
 	l	OjO l
$&#
 ;OjN;O    
         	  	  
#
3
$'&
( 10
$
fiZ
0
7*l $7( $:)6 46}  (-fl* , *('/D6@)*z` D e fl  * "* 1a=*  ( $) ` D e fl%R * "*I 
':46:@* 3(.#$ $g=+!+!Y$ .(*A ffi/}!2$w')(-!2.<(ffi
0
$: (-!)1	 ) ')S}-'$G*A ffi,/}!2$ .%fl=!'$: (3!K !
')(3!2.J(ffi
0
$8 (3! !6:@* 2m$8ffi!*l$: (-! (.r$) 7=*c!)1  )/}6]$:)6fl($:)h !)*)* .J(ffi
*A
0
/D "$8 (3! (.1$:)6 7=*ffi!8(
0
5ffi!2* 2fl5@( 
sfl!2$ 46'A?8A+!6


O	{K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.* ffi \
^
\O/(
# $E&
N 102( O
 0
 200
 400
 600
 800
 1000
 1200
 0  5  10  15  20  25  30  35
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of HIV2 leader
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 0  5  10  15  20  25  30  35
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Alignment Distance Plot of HIV2 leader
_ffgha	b
iYk-f
#
 43
%
NlBm  %nw"v &$(=!6'K4* ($& .J(ffi` Dle#R]* "*/{K
   
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
G
G
U
C
GC
U
C
U
G
C
G
G
A
G
A
G
G
C
U
G
GC
A
G
AU
UG
A
G
C
C
C
UGG
G
A G
G
U
U
C
U
C
U
C
C
A
G
CA
CU
A
GC
A
GG
UAG
A
GC
C
UG
G
G
U GU
UCCC
UGC
U
AG A
C
U
C
U
CA
CC
AG
CA
CU
UGG
C C G G U G C U G GG
C
A
G
A
C
G
G
C
CCACGCUUGCUUGCUUAAAAAC
CU
CUUA
A
U
A
A
AG C U G
C
C
A
G U U A G
A A G C
A A GUU
A A G U
G U GUGC U C C C A U C U C U C C UAG U C
G
C
C
G
C
C
U
G
G
U
C
A
U
U
C
G
G
U
G
U
U
CACCUGAGUAAC
A
A
G
A
C
C
C
U
G
G
U
C
U
G
U
U
A
G
GA
C
C
C U
U
C
U
U
G
C
U
U
U
G
G
G
A A
A
C
C
G
A
G
G
C
A
G
G
A
A A
A
U
CC
C
U
A
G
CA GG
U
U G G
CG
C
C
UG
A
A
C
A
G
G
G
A
C
U
U
GA A
GAA
G
A
C
U
G A
G
AA
G
U
C
U
U
G
G
A
A
CAC
GG
C
U
G
A
G
U
G
AAG
GC
AG
UAAG
G
G
C
G
G
CAG
G AACAA
AC C
A CG
A
CG G A
G U
GCUCC
U A G A
AAGG C
G CGG
G C C G A
G G U
ACCA
AA
GGCAGCGUGUGGAG
C
G
G G
A G
G A G
A
A
GAGG
CCUCCG
GG
UG
A
A
GG
U A
A
GU
ACCUA
C
ACCA
A
A
A
A
CU
G
U
A
GC
C G
AAA
G
G
G
C
U
UGCUA
UCCU
A
CCUU
U
A
GA
CA
GG
UAG
AAG
AUUGU
GG
GA
G
_<`>a
G
G
U
C
GC
U
C
U
G
C
G
G
A
G
A
G
G
C
U
G
GC
A
G
AU
UG
A
G
C
C
C
UGG
G
A G
G
U
U
C
U
C
U
C
C
A
G
CA
CU
A
GC
A
GG
UAG
A
GC
C
UG
G
G
U GU
UCCC
UGC
U
AG A
C
U
C
U
CA
CC
AG
CA
CU
UGG
C C G G U G C U G GG
C
A
G
A
C
G
G
C
CCACGCUUGCUUGCUUAAAAAC
CU
CUUA
A
U
A
A
AG C U G
C
C
A
G U U A G
A A G C
A A G UU
A A G U
G U GUGC U C C C A U C U C U C C UAG U C
G
C
C G
C
C
UGGU
C
A
U
U
C
G
G
U
G
U
U
CACCUGAGUAAC
A
A
G
A
C
C
C
U
G
G
U
C
U
G
U
U
A
G
GA
C
C
C U
U
C
U
U
G
C
U
U
U
G
G
G
A A
A
C
C
G
A
G
G
C
A
G
G
A
A A
A
U
CC
C
U
A
G
CA GG
U
U G G
CG
C
C
UG
A
A
C
A
G
G
G
A
C
U
U
GA A
GAA
G
A
C
U
G A
G
AA
G
U
C
U
U
G
G
A
A
CAC
GG
C
U
G
A
G
U
G
A
A
G
G
CA
G
U
A
A G
G G C
G G
C A
G GAACAAACCA
CG
A C
G G
A
G U
G C U C CU
A
G A A
A
GG C
G C G G
G C C G A
G G U
ACCA
AA
GGCAGCGUGUGGAGCG
G G
A G
G A G
A
A
GAGG
CCUCCG
GG
UG
A
A
GG
U A
A
GU
ACCUA
C
ACCAA
A
A
A
CUGUA
GC
C G
AAA
G
G
G
CUUGCUAU
CCUA
CCUUUAGA
CA
GG
UAG
AAG
AUUGU
GG
GA
G
_ffgha
	
#
 43
%
NlBm    n (-!(!2fl &$:ffl'$fl}2 .J(=b` Dle#R]* 68*=/ @66()*(3!
djf
K
G
G
U
C
GC
U
C
U
G
C
G
G
A
G
A
G
G
C
U
G
GC
A
G
AU
UG
A
G
C
C
C
UGG
G
A G
G
U
U
C
U
C
U
C
C
A
G
CA
CU
A
GC
A
GG
UAG
A
GC
C
UG
G
G
U GU
UCCC
UGC
U
AG A
C
U
C
U
CA
CC
AG
CA
CU
UGG
C C G G U G C U G GG
C
A
G
A
C
G
G
C
CCACGCUUGCUUGCUUAAAAAC
CU
CUUA
A
U
A
A
AG C U G
C
C
A
G U U A G
A A G C
A A GUU
A A G U
G U GUGC U C C C A U C U C U C C UAG U C
G
C
C
G
C
C
U
G
G
U
C
A
U
U
C
G
G
U
G
U
U
CACCUGAGUAAC
A
A
G
A
C
C
C
U
G
G
U
C
U
G
U
U
A
G
GA
C
C
C U
U
C
U
U
G
C
U
U
U
G
G
G
A A
A
C
C
G
A
G
G
C
A
G
G
A
A A
A
U
CC
C
U
A
G
CA GG
U
U G G
CG
C
C
UG
A
A
C
A
G
G
G
A
C
U
U
GA A
GAA
G
A
C
U
G A
G
AA
G
U
C
U
U
G
G
A
A
CAC
GG
C
U
G
A
G
U
G
AAG
GC
AG
UAAG
G
G
C
G
G
CAG
G AACAA
AC C
A CG
A
CG G A
G U
GCUCC
U A G A
AAGG C
G CGG
G C C G A
G G U
ACCA
AA
GGCAGCGUGUGGAG
C
G
G G
A G
G A G
A
A
GAGG
CCUCCG
GG
UG
A
A
GG
U A
A
GU
ACCUA
C
ACCA
A
A
A
A
CU
G
U
A
GC
C G
AAA
G
G
G
C
U
UGCUA
UCCU
A
CCUU
U
A
GA
CA
GG
UAG
AAG
AUUGU
GG
GA
G
_<`>a
G
G
U
C
GC
U
C
U
G
C
G
G
A
G
A
G
G
C
U
G
GC
A
G
AU
UG
A
G
C
C
C
UGG
G
A G
G
U
U
C
U
C
U
C
C
A
G
CA
CU
A
GC
A
GG
UAG
A
GC
C
UG
G
G
U GU
UCCC
UGC
U
AG A
C
U
C
U
CA
CC
AG
CA
CU
UGG
C C G G U G C U G GG
C
A
G
A
C
G
G
C
CCACGCUUGCUUGCUUAAAAAC
CU
CUUA
A
U
A
A
AG C U G
C
C
A
G U U A G
A A G C
A A G UU
A A G U
G U GUGC U C C C A U C U C U C C UAG U C
G
C
C G
C
C
UGGU
C
A
U
U
C
G
G
U
G
U
U
CACCUGAGUAAC
A
A
G
A
C
C
C
U
G
G
U
C
U
G
U
U
A
G
GA
C
C
C U
U
C
U
U
G
C
U
U
U
G
G
G
A A
A
C
C
G
A
G
G
C
A
G
G
A
A A
A
U
CC
C
U
A
G
CA GG
U
U G G
CG
C
C
UG
A
A
C
A
G
G
G
A
C
U
U
GA A
GAA
G
A
C
U
G A
G
AA
G
U
C
U
U
G
G
A
A
CAC
GG
C
U
G
A
G
U
G
A
A
G
G
CA
G
U
A
A G
G G C
G G
C A
G GAACAAACCA
CG
A C
G G
A
G U
G C U C CU
A
G A A
A
GG C
G C G G
G C C G A
G G U
ACCA
AA
GGCAGCGUGUGGAGCG
G G
A G
G A G
A
A
GAGG
CCUCCG
GG
UG
A
A
GG
U A
A
GU
ACCUA
C
ACCAA
A
A
A
CUGUA
GC
C G
AAA
G
G
G
CUUGCUAU
CCUA
CCUUUAGA
CA
GG
UAG
AAG
AUUGU
GG
GA
G
_ffgha
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffi` D e#R]* "*/ @66()*(-!
i k f
K
G
G
U
C
GC
U
C
U
G
C
G
G
A
G
A
G
G
C
U
G
GC
A
G
AU
UG
A
G
C
C
C
UGG
G
A G
G
U
U
C
U
C
U
C
C
A
G
CA
CU
A
GC
A
GG
UAG
A
GC
C
UG
G
G
U GU
UCCC
UGC
U
AG A
C
U
C
U
CA
CC
AG
CA
CU
UGG
C C G G U G C U G GG
C
A
G
A
C
G
G
C
CCACGCUUGCUUGCUUAAAAAC
CU
CUUA
A
U
A
A
AG C U G
C
C
A
G U U A G
A A G C
A A G UU
A A G U
G U GUGC U C C C A U C U C U C C UAG U C
G
C
C G
C
C
UGGU
C
A
U
U
C
G
G
U
G
U
U
CACCUGAGUAAC
A
A
G
A
C
C
C
U
G
G
U
C
U
G
U
U
A
G
GA
C
C
C U
U
C
U
U
G
C
U
U
U
G
G
G
A A
A
C
C
G
A
G
G
C
A
G
G
A
A A
A
U
CC
C
U
A
G
CA GG
U
U G G
CG
C
C
UG
A
A
C
A
G
G
G
A
C
U
U
GA A
GAA
G
A
C
U
G A
G
AA
G
U
C
U
U
G
G
A
A
CAC
GG
C
U
G
A
G
U
G
A
A
G
G
CA
G
U
A
A G
G G C
G G
C A
G GAACAAACCA
CG
A C
G G
A
G U
G C U C CU
A
G A A
A
GG C
G C G G
G C C G A
G G U
ACCA
AA
GGCAGCGUGUGGAGCG
G G
A G
G A G
A
A
GAGG
CCUCCG
GG
UG
A
A
GG
U A
A
GU
ACCUA
C
ACCAA
A
A
A
CUGUA
GC
C G
AAA
G
G
G
CUUGCUAU
CCUA
CCUUUAGA
CA
GG
UAG
AAG
AUUGU
GG
GA
G
_<`>a

G
G
U
C
GC
U
C
U
G
C
G
G
A
G
A
G
G
C
U
G
GC
A
G
AU
UG
A
G
C
C
C
UGG
G
A G
G
U
U
C
U
C
U
C
C
A
G
CA
CU
A
GC
A
GG
UAG
A
GC
C
UG
G
G
U GU
UCCC
UGC
U
AG A
C
U
C
U
CA
CC
AG
CA
CU
UGG
C C G G U G C U G GG
C
A
G
A
C
G
G
C
CCACGCUUGCUUGCUUAAAAAC
CU
CUUA
A
U
A
A
AG C U G
C
C
A
G U U A G
A A G C
A A GUU
A A G U
G U GUGC U C C C A U C U C U C C UAG U C
G
C
C
G
C
C
U
G
G
U
C
A
U
U
C
G
G
U
G
U
U
CACCUGAGUAAC
A
A
G
A
C
C
C
U
G
G
U
C
U
G
U
U
A
G
GA
C
C
C U
U
C
U
U
G
C
U
U
U
G
G
G
A A
A
C
C
G
A
G
G
C
A
G
G
A
A A
A
U
CC
C
U
A
G
CA GG
U
U G G
CG
C
C
UG
A
A
C
A
G
G
G
A
C
U
U
GA A
GAA
G
A
C
U
G A
G
AA
G
U
C
U
U
G
G
A
A
CAC
GG
C
U
G
A
G
U
G
AAG
GC
AG
UAAG
G
G
C
G
G
CAG
G AACAA
AC C
A CG
A
CG G A
G U
GCUCC
U A G A
AAGG C
G CGG
G C C G A
G G U
ACCA
AA
GGCAGCGUGUGGAG
C
G
G G
A G
G A G
A
A
GAGG
CCUCCG
GG
UG
A
A
GG
U A
A
GU
ACCUA
C
ACCA
A
A
A
A
CU
G
U
A
GC
C G
AAA
G
G
G
C
U
UGCUA
UCCU
A
CCUU
U
A
GA
CA
GG
UAG
AAG
AUUGU
GG
GA
G
_ffgha
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffi` D e#R]* "*/ @66()*(-!
2
K
#
 	l	OjO l
$&#
 ;OjN;O   
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 30
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HIV2 leader
_J`>a b djf		
   ff  
 0
 5
 10
 15
 20
 25
 30
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HIV2 leader
_ g>acb i k f	
ff   
 0
 5
 10
 15
 20
 25
 30
 0  5  10  15  20  25  30  35
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of HIV2 leader
_ flacb
2
		
fi  
#
 43
%
Nl m    n#ec=*7 *=$8 (3! 4* ($&k.<(ffib` D eyR]* "*/{K
   
#
 	lcOO l
$&#
 ;ON;O
    	
  /  /    /ffi /<    ffi'   
 
M fl / H9 (.k=* .f
0
(*fl +fflff;.<(s* * 0!2$7(oY(< 23(.v&$g
0
fl(* (5(%4S&$8ffl'$fl}2I$7(  ) ')Y$)
')(ffi$ 46 ($&+! @0!2* k $:)4) 3)   ! $ ,K!Hw) c@+!8*A+! 4* e,y4Y(s* 40!w0! $: $: (3!C(.0!2.<'$8 (3!wffi!2*
)66B@6! $)2(3fl6s)2$k$7( 2fl;@&$8 $:fl2$gr.J(=1r$  fl(*7\?u;&$8ffl'2$:fl}5$:)6$a v.J(3fl!8*S$b$:)6 Ms$g/
0
0!
(. }/* $g)*F4*l=!$ 7ffl(K r* &$)2(5(ffif!$h=*VK


O=O= 46 (942((]$)m=ffi &$&!'(.affi!q=* $g/f!6$8 6
')(3!2.J(ffi
0
$8 (3! (.a$:)6 M#!2*(.;=* .D
0
(*fl +Dfl  ffc)1k0!'/*+fl8*A+!> 4(fl2*;(9?/!2($>1kffi!2*o$)6$
$:)( $ .(h')(3!2.J(ffi
0
$8 (3!v'2(3fl* *I!6:@* a$) =7ffly$+(5 T $g') .% (
0
$:}ffi!*l$8 (3!4$7( }A4*7 '6$: (-!51
*76?8
0
!2$: (-!)* @6.<(ffi}r.<(ffi,$:)6Y` D e fl  =!8*q` D e fl%R]* "*/ K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.*!ffi \
^
\O/(
# $E&
N 	102( O
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  2  4  6  8  10  12  14  16
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of AMV 3’-UTR
_<`>acb
df
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  2  4  6  8  10  12  14  16
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of AMV 3’-UTR
_ffghacb
iYk-f
#
  3
%
NlBm    na"v &$(=!6'K4* ($&T.<(ffiTW eXM fl / HcK
#
 	l	OjO l
$&#
 ;OjN;O   
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
A
A
U
G
CUG
A
CC
U
C
C
A
C
UG
G G
U
G
G
AUAAGGUC
A
A
G
G
U
A
U
G
A
A
G
U
CCU
A
U
U
CG
CU
C
C U
GAU
A
G
G
A
U C
G
A
C
U
U
C
A
U
A
U
U G C UUAUAUAUGUGC
U A
A
CG
CA
CA
UA
UA
UA
AA
UG
C
U C
A U
G C
A A
A
AC
UGCAUGAA
UGC
C
C C
UAA
G
G
GA
U
G
C
_<`>a 
A
A
U
G
CUG
A
CC
U
C
C
A
C
UG
G G
U
G
G
AUAAGGUC
A
A
G
G
U
A
U
G
A
A
G
UCCUAUUCGC
U
C C
UG
AU
AG
GAUCG
A
C
U
U
C
A
U
A
U
U G C UUAUAUAUGUGC
U A
A
CG
CA
CA
UA
UA
UA
AA
UG
C
U C
A U
G C
A A
A
AC
UGCAUGAA
UGC
C
C C
UAA
G
G
GA
U
G
C
_ g>a 
	
#
 43
%
NlBm     n  (3!(!2fla&$:ffl'$fl}2 .J(=kW5epM fl / H @(2*(3!
df
K
A
A
U
G
CUG
A
CC
U
C
C
A
C
UG
G G
U
G
G
AUAAGGUC
A
A
G
G
U
A
U
G
A
A
G
U
CCU
A
U
U
CG
CU
C
C U
GAU
A
G
G
A
U C
G
A
C
U
U
C
A
U
A
U
U G C UUAUAUAUGUGC
U A
A
CG
CA
CA
UA
UA
UA
AA
UG
C
U C
A U
G C
A A
A
AC
UGCAUGAA
UGC
C
C C
UAA
G
G
GA
U
G
C
_<`>a 
A
A
U
G
CUG
A
CC
U
C
C
A
C
UG
G G
U
G
G
AUAAGGUC
A
A
G
G
U
A
U
G
A
A
G
UCCUAUUCGC
U
C C
UG
AU
AG
GAUCG
A
C
U
U
C
A
U
A
U
U G C UUAUAUAUGUGC
U A
A
CG
CA
CA
UA
UA
UA
AA
UG
C
U C
A U
G C
A A
A
AC
UGCAUGAA
UGC
C
C C
UAA
G
G
GA
U
G
C
_ g>a 
	
#
 43
%
N l m    n  (-!(!2fla&$8ffl'2$:fl}2T.J(ffiTW epM fl / H @66()*(-!
i k-f
K
A
A
U
G
CUG
A
CC
U
C
C
A
C
UG
G G
U
G
G
AUAAGGUC
A
A
G
G
U
A
U
G
A
A
GUCCUAUUCG
C
U C C
U
GA
UA
GG
AUCGA
C
U
U
C
A
U
A
U
U G C UUAUAUAUGUGC
U A
A
CG
CA
CA
UA
UA
UA
AA
UG
C
U C
A U
G C
A A
A
AC
UGCAUGAA
UGC
C
C C
UAA
G
G
GA
U
G
C
_<`>a

A
A
U
G
CUG
A
CC
U
C
C
A
C
UG
G G
U
G
G
AUAAGGUC
A
A
G
G
U
A
U
G
A
A
G
U
CCU
A
U
U
CG
CU
C
C U
GAU
A
G
G
A
U C
G
A
C
U
U
C
A
U
A
U
U G C UUAUAUAUGUGC
U A
A
CG
CA
CA
UA
UA
UA
AA
UG
C
U C
A U
G C
A A
A
AC
UGCAUGAA
UGC
C
C C
UAA
G
G
GA
U
G
C
_ g>a 
	
#
 43
%
N l m    n  (-!(!2fla&$8ffl'2$:fl}2a.<(ffiTW eXM fl / H @66()*(-!
2
K
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 2
 4
 6
 8
 10
 12
 0  2  4  6  8  10  12
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of AMV 3’-UTR
_<`>acb djf		
   fffi 
 0
 2
 4
 6
 8
 10
 12
 0  2  4  6  8  10  12
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of AMV 3’-UTR
_ g>a	b i k f	
fffi 
 0
 2
 4
 6
 8
 10
 12
 0  2  4  6  8  10  12
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of AMV 3’-UTR
_ffiflea	b
2
	
ff 
#
 43
%
Nl m   nyec=*7 *=$8 (3! 4* ($ k.<(ffiffkW5eXM fl / HK
#
 	l	OjO l
$&#
 ;OjN;O    
  ff 	  R
#
3
$'&
( 10
$
j6@2(= (
0
*I4Y($g/0! fi

}A46 g(2w7,=!$:) C(.c$:) .<(3fl#D\@2( (
0
=*I46Y($g/+! &+!-fl
'/*+fl2*s+!S $&(/* . v0! $) &3ŁF@2CD+ŁF7EhŁL7 (94/Y(3!3@j, @0!2*A0!h$7(I 4(fl8*;(%?/!2($y&$:ffl'$fl} $)6$
>46ffi!w$) D6@2(= (
0
 @+!2*A0!  $&=K r!h.D$:fl} (.$) }A46 g (3!
0
')=! 
0
 )1fi$:)$ $)
0
 T $g')2@2$ !a')(-!2.<(ffi
0
$: (-!#$:)6$}<'$: 6	(ffi
 0!6'$: 6T+!k$:=!* $8 (3!51T $:)
fi

65ffi!S=*7* (=&$&< '  ffi'$+(ffi (.b$)]+!6'2$8 6.J(=
0
Kfi fl')fl@2(3fl=!2* fi

  ':46:@*  (.w)2(s* *A+!6
$:) M\,fioD\@2( (
0
=*ffi2fl;@=fl! $;+!Iffi! fl!;46Y(5*sfl6'$8 6 ')(
0
4* e= (-!r$:)6
0



O=Q={K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*9TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.* ffi \
^
\O/(
# $E&
N 102( O
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 0  2  4  6  8  10  12  14  16  18
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of alpha operon mRNA
_<`>acb
df
 0
 20
 40
 60
 80
 100
 120
 140
 0  2  4  6  8  10  12  14  16  18
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of alpha operon mRNA
_ffgha	b
iYk-f
#
  3
%
NlBm   %nw"v &$(ffi!'K4* ($&k.<(ffi  (%4/Y(-!
0
 ffkK
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
GUC
UGUGCGU
UUCCAUUUG
AG
UAUCCUG
AA
A A C G G G
C U U
U U C A GCA U G G A A C G U A C A
U
A
U
U A A A U
A
G
U A G G A G U G
CAU A G U GGC C
C G
U A
U
AGC
AGG
CA
UU
A
ACA
UU
CC
UG
A
U
C
A
UA
AG
CA
UGCCGUAAUC
_<`>a
G
U
C
U
G
UGCGUUUCCA
UUUGAG
UAUCCUG
AA
A A C G G G
C U U
U U C A GCA U G G A A C G UAC
A
U
A
U U A A
A
U
A
G
U A G G A G U G
CAU A G U GGC C
C G
U A
U
AGC
AGG
CA
UU
A
ACA
UU
CC
UG A U
C
A
UAA
G
C
A
U
G
C C
G
U
AAU
C
_ffgha
	
#
  3
%
NlBm     n (-!(!2fl &$8ffl'$fl}2 .J(ffi  (94/Y(3!
0
 ff @(2*K(3!
df
K
GUC
UGUGCGU
UUCCAUUUG
AG
UAUCCUG
AA
A A C G G G
C U U
U U C A GCA U G G A A C G U A C A
U
A
U
U A A A U
A
G
U A G G A G U G
CAU A G U GGC C
C G
U A
U
AGC
AGG
CA
UU
A
ACA
UU
CC
UG
A
U
C
A
UA
AG
CA
UGCCGUAAUC
_<`>a
GU
C
UGUGCGU
UUCCAUUUG
AG
UAUCCUG
AA
A A C G G G
C U U
U U C A GCA U G G A A C G U A C A
U
A
UU A A A U A
GU
A
G G A G U G C
A
U
A G U G
G C C
C G
U A
U
AGC
AGG
CA U
U
AAC
A U
U
CC
UG
AU
CAUA
A
GCAU
GCC
G
U
AA
UC
_ffgha
	
#
 43
%
Nl m     n (3!(!2fl &$:Dfl6'$:fl  .<(ffi  (%4 (-!
0
 ff@66()*K(3!
i k-f
K
GUC
UGUGCGU
UUCCAUUUG
AG
UAUCCUG
AA
A A C G G G
C U U
U U C A GCA U G G A A C G U A C A
U
A
U
U A A A U
A
G
U A G G A G U G
CAU A G U GGC C
C G
U A
U
AGC
AGG
CA
UU
A
ACA
UU
CC
UG
A
U
C
A
UA
AG
CA
UGCCGUAAUC
_<`>a

GU
C
UGUGCGU
UUCCAUUUG
AG
UAUCCUG
AA
A A C G G G
C U U
U U C A GCA U G G A A C G U A C A
U
A
UU A A A U A
GU
A
G G A G U G C
A
U
A G U G
G C C
C G
U A
U
AGC
AGG
CA U
U
AAC
A U
U
CC
UG
AU
CAUA
A
GCAU
GCC
G
U
AA
UC
_ffgha
	
#
 43
%
Nl m     n (3!(!2fl &$:Dfl6'$:fl  .<(ffi  (%4 (-!
0
ff
@66()*(-! 
2
K
#
 	l	OjO l
$&#
 ;OjN;O    
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 2
 4
 6
 8
 10
 12
 14
 16
 0  2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of alpha operon mRNA
_<`>acb djf		

 0
 2
 4
 6
 8
 10
 12
 14
 16
 0  2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of alpha operon mRNA
_ g>acb i k f	
ff   
 0
 2
 4
 6
 8
 10
 12
 14
 16
 0  2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of alpha operon mRNA
_ flacb
2
		
fi 
#
 43
%
NlBm     nye1=*+ *=$: (3! 4* ($ k.<(ffi  (%46/Y(3!
0
ffTK
    
#
 	lcOO l
$&#
 ;ON;O
   ff 
#
3
$'&
( 10
$
Ha)  34*l
0
 *Y 
0
=+!2$(=+!)* 0!w$) &fitŁ=L7fi'*7*%@,r='4}2g0!Y;$+(>=+!51 ) ')
?6+*7* $:)6a'/*+*ffi .fi$) 4*l
0
 *  T* (=&$2K.Ha)4=E46}2g (-!B(.fi$) F6B 7L+L70JY$+()=ffi+! u` (%? 
0
fl&$ @
')(3!2$:Y(s*+* )*m0!r=*+*/&$(2	(.^$:)65*+ .<'h,6'/*  (.^$:)6IF
0
kKEHa) a k')  6)* +! 46/$C@,w$)
=!$8 (!(  ff 2=Cf@ug:+ffiJm% 7L+L70J !fiI(%? e1  ) ')Y k$8ffi!('/D\@)* .{Y(
0
$) u
0
34*l
0
 *
 =K Ha)ffi!2$: (!( fiI(%? ff m* :@+* ;1v ( $)6$I$) 42(:(s*#  
sfl 'A?* , *=A4* 2$&)*  )! $)
4* 6
0
 *Y a* (&$>1 ) ')x* "*b$+(h$:) ?7*7*++!K(. 4* 6
0
 * fl .{}r'/*+* KHw) T*  ( 
0
4*7 b$)6$#$)
F 
0
 ff
0
fl&$c@a')(-! *}:@* ,
0
(ffi} &$g:@* T$)6ffi!a$) fiI(%? ffTK	Afl$)/
0
(=};1Z $y2)2(3fl* *
!2($ @65$(}$ (.y$:) fiI(%?  ff0! 4* 6
0
 * fl%')(-!2$g=0!+!'/*7* ;$7( 4/
0
 $T$:)6I.J(ffi
0
$8 (3! (.v
42(5(3*"(.fi$:)rF= 
0
ff	1* ) ')  k* / =w!2(-fls)w$7( ?7*+*:4*l6
0
 * fl .{}a'*7* K  !2*%1N* 6&$c@=fl2$ !2($
* 6&$>1s $^2)2(-fl* *h!2($@b$8ffi!* $: (-!6=*7* ,a'$: 6a+! 4* 6
0
 * fl%')(3!$g=+!+!r'/*+* c$7(; "(s * 4}
0
$:fl}
?6+*7*++! (.y'*7* 5ffi!2* *A"*=$: (3! @j, *sfl;4* =Y.<(ffi
0
$8 (3! T $) fiI(%? ffkK Hw) h r6')  )* @j,
.<(ffi
0
+!6&$g:@* ffi!2*>) s)* , &$:Dfl6'$:fl 2*
0
ff	1  ) ')  $:=!* $8 (3!6=*+* , +!6'$: 6ffiK Hw) 
+!6'$: 6F 
0
 ff|$:)! $&r* (T* ,]'$: /$g)* @,  M fl%!2* 4Y(='2g+!91  ) ')S'ffifl(h
&$8ffl'$fl=*=}Dffi!
0
!2$K Hw)  * 68*$+(4$:)6b.J(=
0
$: (-!G(.t$:)6 BDCDE/J6:L7EB<0=JrEŁ/BD uEBfCFE/7C}A0J
:B<EŁ;$a$) ffi fl%!2*-KHw) K4U$8l*+* , (%4! $:)6]<\@2( (
0
=* !2$8-,S $& =!8*%1^
0
fl* $(ffi!)(3fl* ,e1
$:) $g}2$h $gm.J(=k$)ffi!2$: (!( fi9(9?  ffkK	D! 4*l6
0
 * fl%')(3!2$(=+!0! '/*7* )1$) fiI(%? ff
@+!2*b$+( $)4'$: 6
0
2g(!/9.J(=
0
+!x *3fl;4* e='1 ) ')42$  *=A"*)* @j, 16( D D D 1  )+* 
+!K4*l
0
 * fl .%}5'/*+* )1N$);$7()=ffi 'Y` (%? 4Y($g/0!h$& =E46}2g()*


OP{K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=* 
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.*!ffi \
^
\O/(
# $E&
N 	102( O
 0
 100
 200
 300
 400
 500
 600
 0  2  4  6  8  10  12  14  16  18  20
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of hok
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 0  2  4  6  8  10  12  14  16  18  20
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of hok
_ffghacb
iYk-f
#
 43
%
NlBm     nw"b &$gffi!'K4* ($ k.J(=y)2(9?K
#
 	l	OjO l
$&#
 ;OjN;O     
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
GGCGCU
UGAGG
CUUUCUGCCUCAUGACGUGAAGGUGGUU
U G
UU G
C C G
U G UU G
U G U G G
C A G A A A GA A G A
U
A G C C C CGUAGUAAGUU
A
AU
U U
U
CA
UU
A
A
CC A C
CACG
AG
GC
AU
CC C
U
AU
GU C
U
A
GUCC
ACAUCA
GGAUAGCCUC
_<`>a 
G
G
CG
C
U
U
G
A
G
GCUUUCUGCCUCAUGACGUGAAGGUGGUU
U G
UU G
C C G
U G UU G
U G U G G
C A G A A A GA
A
G A U
A
GCC
C CGU
A GU
AA GUU
A
AU
U U
U
CA
UU
A
A
C
CA
C
CA
CG
AG
GC
AUC
C
U A U
G
U
C
U
A
G
U
C
C A
C
AUCA
G
G
A
UAG
C
C
U
C
_ g>a 
	
#
 43
%
NKl m     n (3!(!2fla&$:ffl'$fl}2T.<(ffiy)2(%?@66()*K(3!
djf
K
GGCGCU
UGAGG
CUUUCUGCCUCAUGACGUGAAGGUGGUU
U G
UU G
C C G
U G UU G
U G U G G
C A G A A A GA A G A
U
A G C C C CGUAGUAAGUU
A
AU
U U
U
CA
UU
A
A
CC A C
CACG
AG
GC
AU
CC C
U
AU
GU C
U
A
GUCC
ACAUCA
GGAUAGCCUC
_<`>a 
G
G
CG
C
U
U
G
A
G
GCUUUCUGCCUCAUGACGUGAAGGUGGUU
U G
UU G
C C G
U G UU G
U G U G G
C A G A A A GA
A
G A U
A
GCC
C CGU
A GU
AA GUU
A
AU
U U
U
CA
UU
A
A
C
CA
C
CA
CG
AG
GC
AUC
C
U A U
G
U
C
U
A
G
U
C
C A
C
AUCA
G
G
A
UAG
C
C
U
C
_ g>a 
	
#
 43
%
NlBm    n (-!(!2flw&$8ffl'$fl}2T.J(=y)2(9?3@66()*K(-!
i k f
K
GGCGCU
UGAGG
CUUUCUGCCUCAUGACGUGAAGGUGGUU
U G
UU G
C C G
U G UU G
U G U G G
C A G A A A GA A G A
U
A G C C C CGUAGUAAGUU
A
AU
U U
U
CA
UU
A
A
CC A C
CACG
AG
GC
AU
CC C
U
AU
GU C
U
A
GUCC
ACAUCA
GGAUAGCCUC
_<`>a

G
G
CG
C
U
U
G
A
G
GCUUUCUGCCUCAUGACGUGAAGGUGGUU
U G
UU G
C C G
U G UU G
U G U G G
C A G A A A GA
A
G A U
A
GCC
C CGU
A GU
AA GUU
A
AU
U U
U
CA
UU
A
A
C
CA
C
CA
CG
AG
GC
AUC
C
U A U
G
U
C
U
A
G
U
C
C A
C
AUCA
G
G
A
UAG
C
C
U
C
_ g>a 
	
#
  3
%
NKlBm    n (-!(!2flw&$8ffl'$fl}2T.J(=y)2(9?3@66()*K(-!
2
K
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 0  2  4  6  8  10  12  14  16  18  20
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of hok
_J`>a b djf		
   fffi  
 0
 5
 10
 15
 20
 25
 0  2  4  6  8  10  12  14  16  18  20
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of hok
_ g>a	b i k f	
ff  
 0
 5
 10
 15
 20
 25
 0  2  4  6  8  10  12  14  16  18  20
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of hok
_ fla	b
2
		
  
#
 43
%
N l m   nyec=*7 *=$8 (3!4* ($&T.<(ffiy)2(%?K
#
 	l	OjO l
$&#
 ;OjN;O    
/ ffi  ff  ffi  E  fi 
		  
#
3
$'&
( 10
$
0
ff (. 46 (9?8-,>($: 'S=!2} 
3fl7})*.<(ffiy$:)6 @ (=7,=!2$)2  (.4<\@2( N0! ffi!2*
N =+!
0
(-!2(3!fl6'/* )($8 *  W  j2)6}a ) s)* ,w')(3!(/ 6)*@=fl2$.*A &$80!'$ ff *;(
0
=+!51=$g/
0
)*
$:) 

 * 
0
!2$KtW z I 
sfl7})*q.<(ffi *5(, !-fl(}3fl* $: (3! (.y$) <\@ffi" (%4/Y(-!(.41E/Ł7L7L2
ABD7L7 >1  ) ')S!')(:*2h( 6/=* tW  @ (=7,=!2$)$: 'S!."h,
0
K +!;?* /b$r=*VK


ffi=R=#2)8(,#)*
$:)6$  W  *A+}'$:* ,3@+!2*v$7( $:)h

X* 
0
!2$ (.fi$)rCD

* "*/ffi!2*h'ffifl(2$:=!('/D642$: (-!
$&/
0
+!6$: (3!K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.* \ffi\
^
\O/(
# $E&
N 102( O
 0
 200
 400
 600
 800
 1000
 1200
 1400
 0  5  10  15  20  25  30  35  40  45
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of ribD leader
_<`>acb
df
 0
 200
 400
 600
 800
 1000
 1200
 1400
 0  5  10  15  20  25  30  35  40  45
TD
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of ribD leader
_ffgha	b
iYk-f
#
 43
%
N l m  %nw"v &$(ffi!'K4* ($&k.<(ffi#<\@ffi"* "* K
   
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
G
GA
AGGACAA
A
U
G
A
A
U
A
A A G A U
U
G
U
A
U
C
C
U
U
C
G
G
G
G
C
A
GGG
U
G
G
A
A
A
UCCCGA
CC
GGCGGU
AGUAAAGCA
CA
U U U G C U U U A
G AG C C CG
UG
A
CCCGUGUGCA
U
A A
G C
A C
G C
G GU
G
GA
U
U
C
A
G
UU
U A A
G
C
U
G
A
A G
C
C
G A C
A
G
U
GA
AAG
U
C
U
G G A
U G
G G
A
G
A
A
G
G
A U G A
U
G
A
G
C
C
G
C
U
A
U
G
C
A
A
A
A
U G U U
U
A
A
AAAU
G
C
A
U
A
G
U
GUUAU
U
U
C
C U
A
U
U
G
CG U A
A
A
A
U A
C C U
A A A
G C C
C C G
A A U
U U U U
U
AU
AAAUUCGGGGCUUUUUUGACGGUAA
A
U
A A
C
A
AAA
G
A
G
G
GG
A
G
G
G
A
A
A
C
A
A A
UG
G
A
A
G
A
_<`>a
GG
A
A
G
G
A
C
AA
A
U
G
A
AUA
A
A
G A
U
U
G
U
A U
C
C
U
U
C
G
G
G
G C
AG
G
G U
GG
A
AAU
C
C
C
G
A C
C
G
G
C
G
G
U
A
GU
A
A
A
G
CA
C
A
U
UU
G
C
U
U
UAGA
G
C
C
C
G
U
G
A
CCCGUGUGCA
U
A A
G C
A C
G C
G GU
G
GA
U
U
C
A
G
UU
U A A
G
C
U
G
A
A G
C
C
G A C
A
G
U
GA
AAG
U
CUGG
A
U
G
G
G A
G
A
A
G
G A
U
G
A
U
G A
G
C C
G
C
U
A
U
G
C
A
A
A
A
U G U U
U
A
A
AAAU
G
C
A
U
A
G
U
GU
UA
UU
UC
C
U
A
U
U
G
CGUA
AA
A
U A
C C U
A A A
G C C
C C G
A A U
U U U U
U
AU
AAAUUCGGGGCUUUUUUGACGGUAA
A
U A
A
CA
AA
A
G
A
GG
G
G
AG
G
G
A
A
AC
A
A
AU
GG
A
A
GA
_ffgha
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffiD\@ffi"* "*/ @66()* (3!
df
K
G
GA
AGGACAA
A
U
G
A
A
U
A
A A G A U
U
G
U
A
U
C
C
U
U
C
G
G
G
G
C
A
GGG
U
G
G
A
A
A
UCCCGA
CCGG
C
GGU
AGUAAAGCA
CA
U U U G C U U U A
G AG C CCGU
G A CCCGUGUGCA
U
A A
G C
A C
G C
G GU
G
GA
U
U
C
A
G
UU
U A A
G
C
U
G
A
A G
C
C
G
A
C A G U
G
A
A
AG
UC U
G G A
U G
G G
A
G
A
A
G
G
A U G A
U
G
A
G
C
C
G
C
U
A
U
G
C
A
A
A
A
U G U U
U
A
A
AAAU
G
C
A
U
A
G
U
GUUAU
U
U
C
C U
A
U
U
G
CG U A
A
A
A
U A
C C U
A A A
G C C
C C G
A A U
U U U U
U
AU
AAAUUCGGGGCUUUUUUGACGGUAA
A
U
A A
C
A
AAA
G
A
G
G
GG
A
G
G
G
A
A
A
C
A
A A
UG
G
A
A
G
A
_<`>a
G
GA
AGGACAA
A
U
G
A
A
U
A
A A G A U
U
G
U
A
U
C
C
U
U
C
G
G
G
G
C
A
GGG
U
G
G
A
A
A
UCCCGA
CC
GGCGGU
AGUAAAGCA
CA
U U U G C U U U A
G AG C C CG
UG
A
CCCGUGUGCA
U
A A
G C
A C
G C
G GU
G
GA
U
U
C
A
G
UU
U A A
G
C
U
G
A
A G
C
C
G A C
A
G
U
GA
AAG
U
C
U
G G A
U G
G G
A
G
A
A
G
G
A U G A
U
G
A
G
C
C
G
C
U
A
U
G
C
A
A
A
A
U G U U
U
A
A
AAAU
G
C
A
U
A
G
U
GUUAU
U
U
C
C U
A
U
U
G
CGUAA
AA
UA
C C
U A
A A G
C C C
C G A
A U U
U U U
U
AU
AAAUUCGGGGCUU
U
U
U
U
G A C
G
G
U
AAAU
A
A
C
A
A
A
A
G
AGGG
G
A
G
G
G
A
A
A
C
A
A A
UG
G
A
A
G
A
_ffgha
	
#
 43
%
NlBm    n (3!(!2fl &$:ffl'$fl}2 .<(ffi#D6@ffi"* 68*=/ @66()*(3!
i k-f
K
G
GA
AGGACAA
A
U
G
A
A
U
A
A A G A U
U
G
U
A
U
C
C
U
U
C
G
G
G
G
C
A
GGG
U
G
G
A
A
A
UCCCGA
CC
GGCGGU
AGUAAAGCA
CA
U U U G C U U U A
G AG C C CG
UG
A
CCCGUGUGCA
U
A A
G C
A C
G C
G GU
G
GA
U
U
C
A
G
UU
U A A
G
C
U
G
A
A G
C
C
G A C
A
G
U
GA
AAG
U
C
U
G G A
U G
G G
A
G
A
A
G
G
A U G A
U
G
A
G
C
C
G
C
U
A
U
G
C
A
A
A
A
U G U U
U
A
A
AAAU
G
C
A
U
A
G
U
GUUAU
U
U
C
C U
A
U
U
G
CG U A
A
A
A
U A
C C U
A A A
G C C
C C G
A A U
U U U U
U
AU
AAAUUCGGGGCUUUUUUGACGGUAA
A
U
A A
C
A
AAA
G
A
G
G
GG
A
G
G
G
A
A
A
C
A
A A
UG
G
A
A
G
A
_<`>a

GG
A
A
G
G
A
C
AA
A
U
G
A
AUA
A
A
G A
U
U
G
U
A U
C
C
U
U
C
G
G
G
G C
AG
G
G U
GG
A
AAU
C
C
C
G
A C
C
G
G
C
G
G
U
A
GU
A
A
A
G
CA
C
A
U
UU
G
C
U
U
UAGA
G
C
C
C
G
U
G
A
CCCGUGUGCA
U
A A
G C
A C
G C
G GU
G
GA
U
U
C
A
G
UU
U A A
G
C
U
G
A
A G
C
C
G A C
A
G
U
GA
AAG
U
CUGG
A
U
G
G
G A
G
A
A
G
G A
U
G
A
U
G A
G
C C
G
C
U
A
U
G
C
A
A
A
A
U G U U
U
A
A
AAAU
G
C
A
U
A
G
U
GU
UA
UU
UC
C
U
A
U
U
G
CGUA
AA
A
U A
C C U
A A A
G C C
C C G
A A U
U U U U
U
AU
AAAUUCGGGGCUUUUUUGACGGUAA
A
U A
A
CA
AA
A
G
A
GG
G
G
AG
G
G
A
A
AC
A
A
AU
GG
A
A
GA
_ffgha
	
#
 43
%
NlBm    n (3!(!2fl &$:ffl'$fl}2 .<(ffi#D6@ffi"* 68*=/ @66()*(3!
2
K
#
 	l	OjO l
$&#
 ;OjN;O   
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  5  10  15  20  25  30  35  40
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ribD leader
_J`>a b djf		
   ff    
 0
 5
 10
 15
 20
 25
 30
 35
 40
 0  5  10  15  20  25  30  35  40
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ribD leader
_ g>a b i k-f	
fffi 
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 0  5  10  15  20  25  30  35  40
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ribD leader
_ flacb
2
		
fi    
#
 43
%
NlBm    n#e1=*+ *=$: (3! 4* ($ k.J(=#D6@ffi"* "*/{K
    
#
 	lcOO l
$&#
 ;ON;O
   ffi  ff  ffi   G 
	 	  
#
3
$'&
( 10
$
D!;$:)64u
0
;ffi!6=* ,6 w6w0!r$:)6346}  (3fla('$8 (3! $)5ffifl2$)2(ffi  =*  (2)2()* $)6$
$:)
0

(.;ABD7L+ 4GAE2 { 4=fl2$g$: 6 <\@2( N0!Y$:=!>42(ffi$ 46 ($&+!  'DD 2hffi!


/* 
0
!2$K 1+!8*A+! (. N =+!
0
(3!2(-!fl'/* )($: * $7(I$:)6h

 fl%')(-!2$g=0!+!]* "*/o(.fiG/AE2
0

* "*v$7(3*;(T! fl( sfl* $: (-!ffiK Hw) $:
0
T$)
0
')6ffi! 
0
  !8($y$8ffi!('/D\42$8 (3!6=*$g/
0
0!6$8 (3! 6
.<(ffi$)xCD 

* "* @fl2$ (
sfl2&$:$: (-!3(.j$:)xD\@2( (
0
#flj@0!2*A0!S $&ffiK
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.*!ffi \
^
\O/(
# $E&
N 	102( O
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 0  5  10  15  20  25
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of ypaA leader
_<`>acb
df
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 0  5  10  15  20  25
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of ypaA leader
_ffghacb
iYk-f
#
 43
%
N l m    nw"v &$(ffi!'K4* ($&k.<(ffi ,546 	* 68*=/{K
#
 	l	OjO l
$&#
 ;OjN;O    
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
GG
AA
UU
UC
AU
AUG
AU
C
A
A
UCUU
CG
GG
GC
A
G
G
G
U
GAA
A
U
U C
C
CUA
CC
GG
C
GGUGA UGA
GC
C
AA
U G G C U C
U A AGCCCGCGA
GCUGUCU
U U A C A G C A G
G A U U
C G G U G A G A U U C C
G
G
A
G
C
CG
A
C
AGUA
C
A
G
U
C
UG
G
A U
G
G
G A G A
A
G
A
U
G G
A
G
G
U
U
CA
U A
AG
C
G
UUU
U
G
A
A
AU
U
G A A
U
UU
U
U
C
A
A
A
C
G
U UUCUUU
GCCU AGCCUA A UUUUCG A A A
C C C CGC U U U
U
A U A
U
AUG
AA
GC
GG
UUU
UU
U
UA
UU
GG
CU
GG
AA
AA
GA
A
C
C U U
U C CG
U U
U U
C G
AG U A
A
G
A
UGUG
A
UCGAAAAGGAGAGA
A
U
G
A
A
G
U
G
A
A
A G
UAAA
A
A
A
A
U
U
A
G
U
U
GU
G
G
U
C
A
G
C
AUG
C
U
G
A
G
C
AG
_<`>a 
GG
AA
UU
UC
AU
AUG
AU
CA
AU
CU
UC
GGG
G
CA
G
G
G
U
GAA
A
U
U C
C
C
U
A C
CG
GC
GG
U
GA
UGA
GC
C
AA
U G G C U C
U
A A G CCC G CG
AGCUGUCU
U U A C A G C A G
G A U U
C G G U G A G A U U C C
G
G
A
G
C
CG
A
C
AGUA
C
A
G
U
C
UG
G
A U
G
G
G A G A
A
G
A
U
G G
A
G
G
U
U
CA
UAAG
C
G
U
UUU
G
A
A
AU
U
G A A
U
UU
U
U
C
A
A
A
C
G
U
U UCUUU
GCCU AGCCUA A UUUUCG A A A
C C C CGC U U U
U
A U A
U
AUG
AA
GC
GG
UUU
UU
U
UA
UU
GG
CU
GG
AA
AA
GA
A
C
C U U
U C CG
U U
U U
C G
AG U A
A
G
A
UGUG
A
UCGAAAAGGAGAGA
A
U
G
A
A
G
U
G
A
A
A G
UAAA
A
A
A
A
U
U
A
G
U
U
GU
G
G
U
C
A
G
C
AUG
C
U
G
A
G
C
AG
_ g>a 
	
#
  3
%
NlBm     n (-!(!2fl &$8ffl'$fl}2 .J(ffi ,54. * "*/ @66()* (3! 
djf
K
GG
AA
UU
UC
AU
AUG
AU
C
A
A
UCUU
CG
GG
GC
A
G
G
G
U
GAA
A
U
U C
C
CUA
CC
GG
C
GGUGA UGA
GC
C
AA
U G G C U C
U A AGCCCGCGA
GCUGUCU
U U A C A G C A G
G A U U
C G G U G A G A U U C C
G
G
A
G
C
CG
A
C
AGUA
C
A
G
U
C
UG
G
A U
G
G
G A G A
A
G
A
U
G G
A
G
G
U
U
CA
UAAG
C
G
UUU
U
G
A
A
AU
U
G A A
U
UU
U
U
C
A
A
A
C
G
U
U UCUUU
GCCU AGCCUA A UUUUCG A A A
C C C CGC U U U
U
A U A
U
AUG
AA
GC
GG
UUU
UU
U
UA
UU
GG
CU
GG
AA
AA
GA
A
C
C U U
U C CG
U U
U U
C G
AG U A
A
G
A
UGUG
A
UCGAAAAGGAGAGA
A
U
G
A
A
G
U
G
A
A
A G
UAAA
A
A
A
A
U
U
A
G
U
U
GU
G
G
U
C
A
G
C
AUG
C
U
G
A
G
C
AG
_<`>a 
GG
AA
UU
UC
AU
AUG
AU
CA
AU
CU
UC
GGG
G
CA
G
G
G
U
GAA
A
U
U C
C
C
U
A C
CG
GC
GG
U
GA
UGA
GC
C
AA
U G G C U C
U
A A G CCC G CG
AGCUGUCU
U U A C A G C A G
G A U U
C G G U G A G A U U C C
G
G
A
G
C
CG
A
C
AGUA
C
A
G
U
C
UG
G
A U
G
G
G A G A
A
G
A
U
G G
A
G
G
U
U
CA
UAAG
C
G
U
UUU
G
A
A
AU
U
G A A
U
UU
U
U
C
A
A
A
C
G
U
U UCUUU
GCCU AGCCUA A UUUUCG A A A
C C C CGC U U U
U
A U A
U
AUG
AA
GC
GG
UUU
UU
U
UA
UU
GG
CU
GG
AA
AA
GA
A
C
C U U
U C CG
U U
U U
C G
AG U A
A
G
A
UGUG
A
UCGAAAAGGAGAGA
A
U
G
A
A
G
U
G
A
A
A G
UAAA
A
A
A
A
U
U
A
G
U
U
GU
G
G
U
C
A
G
C
AUG
C
U
G
A
G
C
AG
_ g>a 
	
#
 43
%
Nl m    n (3!(!2fl &$:Dfl6'$:fl  .<(ffi ,546  * "* @66()*(3! 
iYk-f
K
GG
AA
UU
UC
AU
AUG
AU
CA
AU
CU
UC
GGG
G
CA
G
G
G
U
GAA
A
U
U C
C
C
U
A C
CG
GC
GG
U
GA
UGA
GC
C
AA
U G G C U C
U
A A G CCC G CG
AGCUGUCU
U U A C A G C A G
G A U U
C G G U G A G A U U C C
G
G
A
G
C
CG
A
C
AGUA
C
A
G
U
C
UG
G
A U
G
G
G A G A
A
G
A
U
G G
A
G
G
U
U
CA
UAAG
C
G
U
UUU
G
A
A
AU
U
G A A
U
UU
U
U
C
A
A
A
C
G
U
U UCUUU
GCCU AGCCUA A UUUUCG A A A
C C C CGC U U U
U
A U A
U
AUG
AA
GC
GG
UUU
UU
U
UA
UU
GG
CU
GG
AA
AA
GA
A
C
C U U
U C CG
U U
U U
C G
AG U A
A
G
A
UGUG
A
UCGAAAAGGAGAGA
A
U
G
A
A
G
U
G
A
A
A G
UAAA
A
A
A
A
U
U
A
G
U
U
GU
G
G
U
C
A
G
C
AUG
C
U
G
A
G
C
AG
_<`>a

GG
AA
UU
UC
AU
AUG
AU
C
A
A
UCUU
CG
GG
GC
A
G
G
G
U
GAA
A
U
U C
C
CUA
CC
GG
C
GGUGA UGA
GC
C
AA
U G G C U C
U A AGCCCGCGA
GCUGUCU
U U A C A G C A G
G A U U
C G G U G A G A U U C C
G
G
A
G
C
CG
A
C
AGUA
C
A
G
U
C
UG
G
A U
G
G
G A G A
A
G
A
U
G G
A
G
G
U
U
CA
U A
AG
C
G
UUU
U
G
A
A
AU
U
G A A
U
UU
U
U
C
A
A
A
C
G
U UUCUUU
GCCU AGCCUA A UUUUCG A A A
C C C CGC U U U
U
A U A
U
AUG
AA
GC
GG
UUU
UU
U
UA
UU
GG
CU
GG
AA
AA
GA
A
C
C U U
U C CG
U U
U U
C G
AG U A
A
G
A
UGUG
A
UCGAAAAGGAGAGA
A
U
G
A
A
G
U
G
A
A
A G
UAAA
A
A
A
A
U
U
A
G
U
U
GU
G
G
U
C
A
G
C
AUG
C
U
G
A
G
C
AG
_ g>a 
	
#
 43
%
Nl m    n (3!(!2fl &$:Dfl6'$:fl  .<(ffi ,546 	* 68*=/ @66()*(3! 
2
K
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ypaA leader
_<`>acb djf		
   fffi 
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 2  4  6  8  10  12  14  16
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ypaA leader
_ g>a	b i k f	
fffi 
 7
 8
 9
 10
 11
 12
 13
 14
 15
 16
 17
 4  6  8  10  12  14  16  18
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ypaA leader
_ffiflea	b
2
	
ff 
#
 43
%
NlBm   nyec*+ *=$: (-!4* ($ k.J(= ,546 	* "*/{K
#
 	l	OjO l
$&#
 ;OjN;O    
   ff  	ffi  
	 	  
#
3
$'&
( 10
$
 (5*A (3!2(	 2$=*VK


Qffi\ 4Y(942(( ffi!2($)/ }3fl* $+(=-,  /* 
0
!2$m0! 8(s* 6)* +!

0
+!2(5'/ * @ (=7,=!2$)$: ' 46$:) ye,K!Hw)h,  *!2$: -)*xr* ,+!-fl{>4'/ -' ff /* 
0
!2$>1N!6
0
)*
$:)   /* 
0
!$h1 +!]$) sfl* $+(ffi , A (-!(. @6'$g/D =*,=!2]+! 8(s* 6)* +! @ (7,=!$:) 
=!8*S$:ffi!>42(ffiU$B(.T* ,+!ffiK Ha)6Y=fl$:)2(ffi  4Y(942(( $)6$ * ,6+!]}sfl* $&re=E4}2g (3!+! y
0
fl
42( $8 6@6'$g/D  @j,fl4}
0
$fl}$g/
0
0!6$8 (3! (. $8ffi!('/D64$8 (3! +!S$:)6m* "* K  *;*A $: (-!6=*7* ,e1
$:)>, 4Y(942(($:)$x.<(ffi y
0
flu!=$8 6  &vŁL7  @6'$g/D E1B@0!2*A+!6 (.I* ,+!q$7( $:)6 t
/* 
0
!2$a* "*k$7(x( 
3fl2&$:}$: (-!3(.^$)xD6@2(= (
0
3@+!2*A0!Y $&@, Y)6=7 40!5&$8ffl'2$:fl}) ) ')
 ;4}2g(25+! $8l$: (-!3(.j$8ffi!* $: (-!ffiK
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.* ffi \
^
\O/(
# $E&
N 102( O
 0
 50
 100
 150
 200
 250
 300
 0  5  10  15  20  25  30
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of lysC leader
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 350
 0  5  10  15  20  25  30
TA
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of lysC leader
_ffgha	b
iYk-f
#
  3
%
NlBm  %na"v &$(=!6'4* ($&k.<(ffi* ,  * 68*=/{K
    
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
GG
C
C
A
GAAG
A G
G
C
G
C
G U
U
G C
C
CA
A
GU
A A CGGUGUU
G
GAGGA
GC
C
A G U C C UGUGAU A A C A C C UGA
GGGGGUGC
A U CGCCG
A G
G
U
G
AU
U
G
A
A
C
GG
C
UG G C
C
AC
G
U
U
C
AU
C A
UCGGCU
A AGGGGG
C U G
A
AU
CC
CC
U
GG
GU
UG
U
C
A
C
CA
G A A
G C G
U U C
G C
A
GUCGGGCGUUUCGCA
AGUG
GU
G
GAG
CA
CU
UC
U
G
G
G
U
GA
A
_<`>a
G
G
C
C
A
GAAG
A G
G
C
C
G
U
U
G
C
CCA
A G
U
A
A
C
G
UGUUG
GAGGA
GC
C
A G U C C UG U G A U A
A
CACCUGAGGGGGUGC
A U CGCCG
A G
G
U
G
AU
U
G
A
A
C
GG
C
UG G C
C
AC
G
U
U
C
AU
C A
UCGGCU
A AGGGGG
C U G
A
AU
CC
CC
U
GG
GU
UG
U
C
A
C
CA
G A A
G C G
U U C
G C
A
GUCGGGCGUUUCGCA
AGUG
GU
G
GAG
CA
CU
UC
UG
GG
UG
A
A
_ffgha
	
#
  3
%
NlBm    n (-!(!2fl &$8ffl'$fl}2 .J(ffi* ,  * "*@(2*(3!
df
K
GG
C
C
A
GAAG
A G
G
C
G
C
G U
U
G C
C
CA
A
GU
A A CGGUGUU
G
GAGGA
GC
C
A G U C C UGUGAU A A C A C C UGA
GGGGGUGC
A U CGCCG
A G
G
U
G
AU
U
G
A
A
C
GG
C
UG G C
C
AC
G
U
U
C
AU
C A
UCGGCU
A AGGGGG
C U G
A
AU
CC
CC
U
GG
GU
UG
U
C
A
C
CA
G A A
G C G
U U C
G C
A
GUCGGGCGUUUCGCA
AGUG
GU
G
GAG
CA
CU
UC
U
G
G
G
U
GA
A
_<`>a
G
G
C
C
A
GAAG
A G
G
C
C
G
U
U
G
C
CCA
A G
U
A
A
C
G
UGUUG
GAGGA
GC
C
A G U C C UG U G A U A
A
CACCUGAGGGGGUGC
A U CGCCG
A G
G
U
G
AU
U
G
A
A
C
GG
C
UG G C
C
AC
G
U
U
C
AU
C A
UCGGCU
A AGGGGG
C U G
A
AU
CC
CC
U
GG
GU
UG
U
C
A
C
CA
G A A
G C G
U U C
G C
A
GUCGGGCGUUUCGCA
AGUG
GU
G
GAG
CA
CU
UC
UG
GG
UG
A
A
_ffgha
	
#
 43
%
Nl m    n (3!(!2fl &$:Dfl6'$:fl  .<(ffi#* ,  * "*/ @66()*(-!
i k-f
K
G
G
C
C
A
GAAG
A G
G
C
C
G
U
U
G
C
CCA
A G
U
A
A
C
G
UGUUG
GAGGA
GC
C
A G U C C UG U G A U A
A
CACCUGAGGGGGUGC
A U CGCCG
A G
G
U
G
AU
U
G
A
A
C
GG
C
UG G C
C
AC
G
U
U
C
AU
C A
UCGGCU
A AGGGGG
C U G
A
AU
CC
CC
U
GG
GU
UG
U
C
A
C
CA
G A A
G C G
U U C
G C
A
GUCGGGCGUUUCGCA
AGUG
GU
G
GAG
CA
CU
UC
UG
GG
UG
A
A
_<`>a

GG
C
C
A
GAAG
A G
G
C
G
C
G U
U
G C
C
CA
A
GU
A A CGGUGUU
G
GAGGA
GC
C
A G U C C UGUGAU A A C A C C UGA
GGGGGUGC
A U CGCCG
A G
G
U
G
AU
U
G
A
A
C
GG
C
UG G C
C
AC
G
U
U
C
AU
C A
UCGGCU
A AGGGGG
C U G
A
AU
CC
CC
U
GG
GU
UG
U
C
A
C
CA
G A A
G C G
U U C
G C
A
GUCGGGCGUUUCGCA
AGUG
GU
G
GAG
CA
CU
UC
U
G
G
G
U
GA
A
_ffgha
	
#
 43
%
Nl m    n (3!(!2fl &$:Dfl6'$:fl  .<(ffi#* ,  * "*/ @66()*(-!
2
K
#
 	l	OjO l
$&#
 ;OjN;O     
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 30
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of lysC leader
_J`>a b djf		
   ff  
 0
 5
 10
 15
 20
 25
 30
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of lysC leader
_ g>acb i k f	
ff    
 0
 5
 10
 15
 20
 25
 30
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of lysC leader
_ flacb
2
		
fi  
#
 43
%
NKl m    nyec=*7 *=$8 (3! 4* ($ k.<(ffi#* ,  * "*/{K
    
#
 	lcOO l
$&#
 ;ON;O
   / 	  & /     ffi 	 E 	  ffi  C	  F   	   4
  ffi ! 	 Gffi 
#
3
$'&
( 10
$
Wh$fl$: (-!(.T$)o* }m2fl5@fl! $S!ffS} 
3fl7}2  (/D 2(. '* 2 $)6$
 2fl* $ 0!5}
0
(	=*8(.,$)r+!$&/f!6=*$:=!('/D6@)*x>46' jD H fi-R e1" ) ');(A46/}$g2
0
$:fl} ffi K+Q fi
=!8*SR ffis/RffiQ&fi !ffK ;(=
0
$: (-!3(. ) s)/(=Y*c(')(-!2*=-, &$8ffl'$fl}S 4 46  
sfl  $&x.J(ffi
6''fl$&rffi!2*IY'/ !2$C46}#fl(!ff
4Y(ffi'2g+!6-K H$.(x=* $&/f!6$: 64(')(-!2*=-,r&$8ffl'2$:fl}
0
(:*/* 
=ffi &$.<(ffiN EŁŁFECf=HTGAŁ@uŁ@CD@ u :+E/@ D H fi-RI1A!6
0
/* ,y$:)%)6=7 4+!
0
(:*/* ffi!2*k$) D+!6
0
(:*/* &K


$	q$Y=*VK


Q a=
0
0!)* $)  s! -'ffi!' (.@2($)
0
(5*/* m+!oY'/ !$ 46Y(='g+! ffi!2*
4Y(%48(( *R,=!6
0
 ' ')(3!2.J(ffi
0
$8 (3!6=*
0
(5**s.<(ffi$) Y(s* K(. D H fi-R4*3D H fiNRo+! $8l=*7* ,S.<(s* *x+!2$+(
$:) {<0! w&$:ffl'$fl}=K Ha) 
0
e, 46 (
0
($&4$)56g (='/l$: (-!3(. 4Y($g/0! $)6$b.%flU$)/1&$(:@7*+ (
$:)q&$8ffl'$fl} =!8* +! $8l$&.<(ffi
0
$: (3!(.w$) 46}A4Y(ffi'2g+!6 ')(
0
4* e=sK  !'2fl''2g&. fl*7* ,
g(
0
@* )*%1fi$:) 46 ;4Y(='2g+!o')(
0
4* =
0
e,Y+!8*sfl'Y'2(3!2.J(=
0
$: (-!6=*s$8ffi! $8 (3!m}22fl* $80!
+! .<(ffi
0
$8 (3!	(.-$) {)6=7 40!	&$8ffl'$fl}=K.Ha) 1&$:Dfl6'$:fl  '2(3fl* * @ 2)2( !v$+( @6k 46  
sfl  $&
.<(ffi
0
$:fl$: (3! (. @2($)ffiNK0Q fiffi!2*R ffi fi !cK
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*S%TU'V;WYX5ZK[W
P
fiN}')I>46',*y'ffi!2(-! '=*  &}.<(3* *2*
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.*!ffi \
^
\O/(
# $E&
N 	102( O
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 0  5  10  15  20  25  30  35
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of yeast ITS2
_<`>acb
df
 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 1800
 2000
 0  5  10  15  20  25  30  35
TD
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of yeast ITS2
_ffghacb
iYk-f
#
  3
%
NlBm    nw"v &$(ffi!'K4* ($&k.<(ffi ,26&$BD H fiNRNK
#
 	l	OjO l
$&#
 ;OjN;O    
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
C
C
U
UC
U
C
A A
A
C
A
UUCU
G
U
UGG
UA
GU
GA
GU
GA
UAC
UC
UU
U
G G A G U
U A A C U UGAAA U U G C U
G G
C
CUU
U
U C A
U
U
G
G
A
U
G
U
U
U
U
U
U
U
U
U
U
C
C
AA AGA
G
A
G G
U
U
U
C
U
C U
G
C
G
UGCUUGAGG
U
A
U
A
A
U
GC AA
G
U
A C GG
U
C
G
U
U
U
U A GG
U U U
U
AC
C
A
A
CUG
C
G
G
C
U
A
AUC
U
U
U
UU
U
A
U
A
C
U
G
AG
C
G
U
A
U
UG
G
A
A
C
GU
UA
U
C
G
AUA
A
G
A
A
G
A
G
A
G
C
G
U
C
U
A
G
G
C
G
A
A
C
A
A
U
G
U
U C
U
U
AA
A
G
U
_<`>a 
C
C
U
UC
U
C
A A
A
C
A
UUCU
G
U
U
U
G
G
U
A
G
UG
A
G
U
G
A
UAC
UC
UU
U
G G A G U
U A
A
C
U
U
G
A
A
A
UU
G
CUGGCCUUUUCA
UUGGAUGU
U
U
U
U U U
U
U
U C
C A
A A
G A
G A
GG
U UUC
U C
U
GC
G
U
G
C
U
U
GA
G
G
U A U A
A
U
GC
A
A
G
U
A
C
G
G
U C
G
U
U
U
U
A
G
G
U
U
U
U
A
C C
A
A
C
U
G
C
G G C UA A
U C U UU
U U U A
U
A C U
G
A G C G
U A U
U
GGAACGUU
AUCG
AUAAGAAGAGAGCG U
C
UAG
GC
G
A
A
C
A
A
U
G
U
U C
U
U
AA
A
G
U
_ g>a 
	
#
 43
%
NlBm     n (-!(!2flw&$8ffl'$fl}2T.J(= ,26&$BD H fi-R @(2*K(3!
df
K
C
C
U
UC
U
C
A A
A
C
A
UUCU
G
U
UGG
UA
GU
GA
GU
GA
UAC
UC
UU
U
G G A G U
U A A C U UGAAA U U G C U
G G
C
CUU
U
U C A
U
U
G
G
A
U
G
U
U
U
U
U
U
U
U
U
U
C
C
AA AGA
G
A
G G
U
U
U
C
U
C U
G
C
G
UGCUUGAGG
U
A
U
A
A
U
GC AA
G
U
A C GG
U
C
G
U
U
U
U A GG
U U U
U
AC
C
A
A
CUG
C
G
G
C
U
A
AUC
U
U
U
UU
U
A
U
A
C
U
G
AG
C
G
U
A
U
UG
G
A
A
C
GU
UA
U
C
G
AUA
A
G
A
A
G
A
G
A
G
C
G
U
C
U
A
G
G
C
G
A
A
C
A
A
U
G
U
U C
U
U
AA
A
G
U
_<`>a 
C
C
U
UC
U
C
A A
A
C
A
UUCU
G
U
U
U
G
G
U
A
G
UG
A
G
U
G
A
UAC
UC
UU
U
G G A G U
U A
A
C
U
U
G
A
A
A
UU
G
CUGGCCUUUUCA
UUGGAUGU
U
U
U
U U U
U
U
U C
C A
A A
G A
G A
GG
U UUC
U C
U
GC
G
U
G
C
U
U
GA
G
G
U A U A
A
U
GC
A
A
G
U
A
C
G
G
U C
G
U
U
U
U
A
G
G
U
U
U
U
A
C C
A
A
C
U
G
C
G G C UA A
U C U UU
U U U A
U
A C U
G
A G C G
U A U
U
GGAACGUU
AUCG
AUAAGAAGAGAGCG U
C
UAG
GC
G
A
A
C
A
A
U
G
U
U C
U
U
AA
A
G
U
_ g>a 
	
#
 43
%
N l m    n (3!(!2fl &$8ffl'2$:fl}2a.<(ffi ,26&$BD H fiNR @66()*K(3!
i k-f
K
C
C
U
UC
U
C
A A
A
C
A
UUCU
G
U
UGG
UA
GU
GA
GU
GA
UAC
UC
UU
U
G G A G U
U A A C U UGAAA U U G C U
G G
C
CUU
U
U C A
U
U
G
G
A
U
G
U
U
U
U
U
U
U
U
U
U
C
C
AA AGA
G
A
G G
U
U
U
C
U
C U
G
C
G
UGCUUGAGG
U
A
U
A
A
U
GC AA
G
U
A C GG
U
C
G
U
U
U
U A GG
U U U
U
AC
C
A
A
CUG
C
G
G
C
U
A
AUC
U
U
U
UU
U
A
U
A
C
U
G
AG
C
G
U
A
U
UG
G
A
A
C
GU
UA
U
C
G
AUA
A
G
A
A
G
A
G
A
G
C
G
U
C
U
A
G
G
C
G
A
A
C
A
A
U
G
U
U C
U
U
AA
A
G
U
_<`>a

C
C
U
UC
U
C
A A
A
C
A
UUCU
G
U
U
U
G
G
U
A
G
UG
A
G
U
G
A
UAC
UC
UU
U
G G A G U
U A
A
C
U
U
G
A
A
A
UU
G
CUGGCCUUUUCA
UUGGAUGU
U
U
U
U U U
U
U
U C
C A
A A
G A
G A
GG
U UUC
U C
U
GC
G
U
G
C
U
U
GA
G
G
U A U A
A
U
GC
A
A
G
U
A
C
G
G
U C
G
U
U
U
U
A
G
G
U
U
U
U
A
C C
A
A
C
U
G
C
G G C UA A
U C U UU
U U U A
U
A C U
G
A G C G
U A U
U
GGAACGUU
AUCG
AUAAGAAGAGAGCG U
C
UAG
GC
G
A
A
C
A
A
U
G
U
U C
U
U
AA
A
G
U
_ g>a 
	
#
 43
%
NKl m    n (3!(!2fla&$:Dfl6'$:fl T.<(ffi ,26&$BD H fiNR @66()*K(3!
2
K
   
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of yeast ITS2
_J`>a b djf		
   fffi ff
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of yeast ITS2
_ g>a	b i k f	
ff  
 0
 5
 10
 15
 20
 25
 30
 35
 0  5  10  15  20  25  30
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of yeast ITS2
_ fla	b
2
		
 ff
#
 43
%
NlBm  nye1=*+ *=$: (3! 4* ($ T.J(= ,26&$BD H fi-R K
#
 	l	OjO l
$&#
 ;OjN;O    
   	  	    ffi   	  "   Kffi  ffff<ffi
#
3
$'&
( 10
$
Hw)x B 8
v(%4/Y(-!m+!]#9sB<+L7 S!')(:*24.<(ffi1$)I!2h+! 8(3* 62*0!xs*+fl')(=(
$8ffi!>42(ffiU$ @,w$) 4=)2(>4)8($:}ffi!&.D/6(I7,&$g
0
K fi-')7*+*7+!6Y$v=*VK


Q=R=fi2)2(2*I$)6$b=E46}2g (-!
(.#$:)  (%46/Y(3!m 4')(3!2$:Y(s*+* )*$k$:)6Y*  6/*%(.#$:}ffi!('<\42$;* (3!6=$8 (3! @j,Y 4Y($&/0!-fl *A46!2*!$
<\@2( T $&')K D!S$:)6 :@(!' (.kA*0fl')(=(m $:ffi!('/D642$: (-!6=*Z$g/
0
+!$+(ffiC4} !2$&h/* (3!=$: (-!
+!2$+($)5&$:ffl'$fl=*s=!2K D! $:)6K4}2(!' (.yA*+fl'2((;1Z$:)+y* ')H 4Y($&/0!S 4'$: $g)*Sffi!2*
@+!2*xffi!2*q&$(:@7*+ (2ffi!]=* $g/f!6$: 6 &$8ffl'2$:fl} $)6$/(	6/D* :4h$:)6$g/
0
+!$+(ffi ffi!2* 46} 6!2$&
$&/
0
+!6$: (3!K
L$#&%'#
MN)( N
%
O
PQ
!/}R,Yffi!&*%TU'V;WYX5ZK[W
P
fiN}')I>46',*.<6\@* &}.<(3* *)* 
P
H,
0
4/$:fl},*yMffiO3]
P
Wx>=sK-fis$:ffl'$fl}2.* ffi \
^
\O/(
# $E&
N 102( O
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
 0  5  10  15  20  25
M
D
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Morphological Distance Plot of ptsGHI leader
_<`>acb
df
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 0  5  10  15  20  25
TD
 d
ist
an
ce
EB distance [kcal/mol]
paRNAss - Tree Distance Plot of ptsGHI leader
_ffgha	b
iYk-f
#
 43
%
NKlBm %nw"v &$(ffi!'K4* ($&k.<(ffi* "*/ (. 42$ 2v` DiK
     
#
 	lcOO l
$&#
 ;ON;O
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N;O
A
C
GU
GU
U
A
CU
GA
U
UC
G A U C A GG
C
A
U
C A
G
U
G A
U
U
G A GG
G
A
A
A
A
A A
A
C
G
G
G
A
A
G
U U
C
AU
U
C
U
C
G
U
U
CU
U
U
UGCG
CAC
C
C
A
A
UUU
U
GC
U
CA
U
G
C C
_<`>a
A
C
G
U
GU
UACU
G
A
U
U
C
GA U C A GG
C
A
U
C A
G
U
G
A
U
U
GAG
G
G
A A
A
A
A
A
A
C
G
G
G
A
A
G
U U
C
AU
U
C
U
C
G
U
UC
U
U
U
UG
CGC
AC
C
C
A
A
U
UU
UG
C
U
CA
U
G
C
C
_ffgha
	
#
 43
%
N l m   n  (-!(!2fla&$8ffl'2$:fl}2T.J(ffi* "*/ (. 4$ 2v` D@(2*K(3!
df
K
ACGUGUU
ACU
GAU
UC
GAU
C A G GCA U C A G U G A U
U
G A GG
G
A
A
A
A
A A
A
C
G
G
G
A
A
G
U U
C
AU
U
C
U
C
G
U
U
CU
U
U
UGCG
CAC
C
CA
A
U
UU
UG
C U
CAU
G
CC
_<`>a
A
C
GU
GU
U
A
CU
GA
U
UC
G A U C A GG
C
A
U
C A
G
U
G
A
U
U
GAG
G
G
A A
A
A
A
A
A
C
G
G
G
A
A
G
U U
C
AU
U
C
U
C
G
U
UC
U
U
U
UG
CGC
AC
C
C
A
A
U
UU
UG
C
U
CA
U
G
C C
_ffgha
	
#
 43
%
NlBm   n  (3!(!2fla&$:ffl'$fl}2T.<(ffi#* "*/ (. 42$&2v` D@66()*K(3!
i k-f
K
A
C
GU
GU
U
A
CU
GA
U
UC
G A U C A GG
C
A
U
C A
G
U
G
A
U
U
GAG
G
G
A A
A
A
A
A
A
C
G
G
G
A
A
G
U U
C
AU
U
C
U
C
G
U
UC
U
U
U
UG
CGC
AC
C
C
A
A
U
UU
UG
C
U
CA
U
G
C C
_<`>a

ACGUGUU
ACU
GAU
UC
GAU
C A G GCA U C A G U G A U
U
G A GG
G
A
A
A
A
A A
A
C
G
G
G
A
A
G
U U
C
AU
U
C
U
C
G
U
U
CU
U
U
UGCG
CAC
C
CA
A
U
UU
UG
C U
CAU
G
CC
_ffgha
	
#
 43
%
NlBm   n  (3!(!2fla&$:ffl'$fl}2T.<(ffi#* "*/ (. 42$&2v` D@66()*K(3!
2
K
#
 	l	OjO l
$&#
 ;OjN;O     
0
$
OjN
$
O 3:OCO/(
%
3
&
( 3
%
N 
#


#
( 10
$
 0
 5
 10
 15
 20
 25
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ptsGHI leader
_J`>a b djf		
   ff  
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ptsGHI leader
_ g>acb i k f	
ff  
 0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20
 0  5  10  15  20  25
EB
 d
ist
an
ce
 to
 s
tru
ct
ur
e 
2 
[kc
al/
mo
l]
EB distance to structure 1 [kcal/mol]
Validation of clustering results of ptsGHI leader
_ flacb
2
		
fi 
#
 43
%
NlBm   nye1=*+ *=$: (3! 4* ($ k.J(=#* 68*=/!(. 42$&2v` D K
     
#
 	lcOO l
$&#
 ;ON;O
          
     
	         	ff
     G "ffi R/ flfi  	  J  <fl       J/ 
 
        	 ffi
Hffi! #"<(%$&$ (,('*)!+,+.-0/
0 0
/1- 1324 -
0
 )*5687:987<;=56>?'1 *@ BADCE-F'6@8 BAG2Hffi! I"J(J$ *.'K)!+,A>48/1CL K(" +(' 2Mffi
*=/)!+.$&'*)!+ @8/8AD BAN/)2*O' AP-Q BA42R-F' CH24 2*S2+(SC8/=)8(%)' C!/=$%A42R-UT!CH2HT-Q BA)1V'XW* =WYA42R-UT!CH2HT-Q BA (' 2Hffi2(%TB2Z' A (%$ /!2[ )*
@8/8AD 48/='&-\A!W
]_^B`Ba@bBa.c8^L`EdEegf`Lhi@e`dHjkcRa8l=mBfEnop`LqcLbMrseMf1n!t.^Rfvu1w@i!nEi
]
] xyeL`!z8z|{}^L`!z8z|{0a.c8d<{~iLz=d3{Ui!z8n|{Fi!z=dHn{z1n1iHrV{yc!e<{yeMn{0wd{yelV{Qd3{0En{ycLd3{
] r.d<{0r.dHz1n{0r.dHz=dHn|{0rdBz@d3{~`Lz1z=e1e<{}e8eB`!z!z|{}^LbMa.e<{0td<{y^HbHr1.cDa=i{0w{0w=mEc<{
] w=mEd3{w@m@e1Oop`dHjv=`@eBiL1n1n`Bf@`Bh@ie
] eRfEn!t^Mf okdEc1eRf@iLzŁx
] eL`!z8zp18
=`@eBi L1eMf1n!t^Mf81
] ^L`!z8zp18i!z`Haj@d!i81eMf1n!t^Mf81
] a.c8d 18iHrEl1f1 81Nw=meE
] iLz`BaEj=dLi opi!z=d 18
=`@eBi_!8cRacMfeRf@iMr 18
] i!z1n 18 cRacMfeRf@iMr1Eg=`@eBi18
] i!z=dHnp18
=`@eBi_!8cRacMfeRf@iMr1Eg=`@eBi18
] z1niMr18 cRacMfeRf@iMr 18Nw=mEd
] ca.cMfeMfiHr oc1e18_^8dLb@eLiLz
] ^!d!b@eBi!z of@`B8tdL`Lf@iLzŁx
] eMf@`^Mh81w=`cHnLl.cRa18Gd!i!!f181ncMj!w1f181
] c8d!b8bBl81(rEtdHfc8d!b8bBl11Nw.
] r1tdHfc8dLb1bBl oflxr.dHz=d 18
=`@eBik!8=`@eBi1Eg=`eLip11rd!m@^BbHr1l=bBa@iBa1fe
] 1Eg=`@eBip1Eg=`@eBi 11
      
%'#
M M
#&%
O
# $
 lfi  N
%#
O'0
%
 	l
#
0  
$

] r.dHz1n 11
@`@eBi_!8=`@eBip1 rd!m@^BbHr1l=bBa@iBa1fe
] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 11
] r.dHz=dBn11
@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l=bBa@iBa1fe
] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 11
] r.d 11
@`@eBi_!8=`@eBip1 rd!m@^BbHr1l=bBa@iBa1fe
] 1g@`@eBi1Eg=`@eBik
] ucMf8w eMf`@^Rh8l=`cHn=cRajŁ18Nw
] rd!m@^BbHr1l=bBa@iBa1fe os^BbHr1.cRa@i18
dLb@^Mh_11^BbHr1l.e 81Nw
] ^BbHrEle of`B8td!`Bf@iLz x
] ^BbBae 81
dLb@^Rhk18^LbHr1l.e 18
] dLb@^Rh 18
] `Lz1z=e1e
81
dLb@^Rhk18
ni!j=cLbHa 18NwJ
] d!b@^Rh of`B8td!`Bf@iLz x
] td 81i!zE`BaEj=d!i 11
] e8eL`Lz1z81vniLjcBbBa81vi!zE`BaEj=d!iŁ11Nw.
] eRf@`@^Rh oxyeHn 18
=`@eBik!8^8d!beLiLz_1Eg=`@eBi=u.cRf8wZ=`@eBiBl@`@cHn=cRaEj
] w@`@cHnLl.ca oxwd 18
=`@eBik!8=`@eBip1
xUnEi!jcBbBau.cRf8wNrJcRad!b8bBl.e8c	Ei

] 1Eg=`@eBip1Eg=`@eBi=
] u.cRf8weMf@`^Mh!l=`@cMncaj
] dLi!8f8 oxyeRl 18
=`@eBik!8=`@eBip1
xdv11vnEi!j=cLbBa 18cRacMfeRf@iMr%
] 1Eg=`@eBip1Eg=`@eBi=
] u.cRf8weMf@`^Mh!l=`@cMncajŁ11Nw
] n=cHj!w1f1 oxyeRl 18
=`@eBik!8=`@eBip1
xEnp11_ca.cRfeMfiHr81
nEi!jcBbBa.
] 1Eg=`@eBip1Eg=`@eBi=
] u.cRf8weMf@`^Mh!l=`@cMncajŁ11Nw
] c!d!b1bHl oxyeRl 18
=`@eBik!8=`@eBip1
] x4c!dv18 xUnEi!jcBbBau.cRf8wvxr`Bqe8c	i
=8
] 18^8dLb@eLiLzk18
] xUnEi!jcBbBau.cRf8wvxr`Bqe8c	i
=81
] 1Eg=`@eBip1Eg=`@eBi=
] u.cRf8weMf@`^Mh!l=`@cMncajŁ11Nw
Hffi! P5617%987<;=5@6=>?G+.-0/
0 0
/1-' A(T@)8/
0
@' +JT8(%TLA('*)(2Mffi! AD )!AD (2Mffi1/L2 /C*=/)!+.$K'K)!+ @8/8AD Z' A 2R-Q !/!2[ )*
/!A /
A42R-UT!CB2MT-0/=$  E$  
0
 )B2LW Hffi' A
0
 !/)LA 2Hffi8/!2/
A42[ 
0
(' 2Hffi
/ *=/)!+J$&'K)8+ @8/8AD ' A / *.' ffi| E-Q )B2
A42R-UT!CH2HT-Q 2Hffi8/)O2Hffi! OA/
0
 A424 
0
(' 2Hffig2Mffi8 @8/8AD )2(2 *=/)!+.$&'*)!+:W JT- 2Mffi! -
0
(-\ 51 (%)8 @8/8AD v'K)
@! H2   L @)P2 .( A424 
0
A C!/)Z ' 2Hffi! E- *=/)!+.$  Z2+( 2Mffi! $  B"02 (-2Hffi! -' +JffiB2 A42[ 
0
 (- ' 2 *;( BAZ)2(2 *=/)!+J$  
/L2/=$&$ e1 ffi' Cffi
0
 !/)LA(2Hffi8/!2(2Mffi! LAD /E-\ /1+=/='K) *.' ffi E-Q )B2A42M-UT!CH2HT-Q BA!W
0
/ (=- 48-Y(%@$  
0
' A2Hffi8/!2
 !/1CffiA42[ 
0
 ' 2Mffip/)p/"* /1CL )L2 @8/8AD (:) !/1CffiAH' *= C!/) @! '*)B24 -J48-Q H2[ )* '*)"<(:T-) /e,!A.*ff)2(
*=/)!+.$&'*)!+ @8/8AD BA)1 */=)8+.$  $  B"02/)2*
)8( *=/)!+J$  -F' +JffiB2>1 )2( *=/)!+J$  S$  H"2N/=)8* *=/)!+.$  -' +JffiB2>1 *=/)!+J$  
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
     
$  H"2 /)2*K*=/)!+.$  -F' +JffiB2LWGD 2' A	*= A@8/!2[/:@$  ' " 2Mffi' A 2M-Q !/!2
0
 )B2c(@" *=/)!+.$K'K)!+ @8/8AD BAZ' A(C)(--Q LCB2h1<AH'K)8CL 
2R-0/"*.' 2M' (:)8/=$&$ , @1/!AD 48/='K- A(/1-Q 2Hffi! "}T@)8*=/
0
 )B2D/=$ @ T'&$ *.'K)8+ @$ (CA?HAc(@"  ff_AD !C)(%)2*/1- ,IA42R-UT!CH2HT-Q =W
A(-2Hffi' A-Q !/8A (%):1 D:*@ 8 $ (%48 )*S/P+.-0/
0 0
/1- (ffi@' Cffi ffi8/)2*J$  BAG*=/)!+.$K'K)!+@8/8AD BA'*)P/ T@)' 
%T!  /e,BW
H (v/8C@ffi'  1 2Hffi' AP2Hffi! "J(J$&$ ( '*)!+v+@ )! E-0/=$V-UT$  BA  E-Q 2M-0/=)!A4" E-Q )*
27(2Mffi! /5@8( 8 +J-Q/
030
/1-!* jD 
AH'K)!+.$  BA42M-Q/)2*= )*-\ !+.' (:)Sffi8/8A 27(@! Z"<(%$&$ (  2*@,#/GA42M-FT8CH2MT@-Q/=$J E$  
0
 )B2 (' 2Hffi / *=/)!+J$&'K)8+@8/8AD 
(%)I2Hffi! S$  H"2	 jD D   A42R-UT!CB2MT-0/=$: E$  
0
 )L2  ' 2Mffi/ *=/)!+.$K'K)!+ @8/8AD (%)#2Mffi! -F' +JffiB2G' A"<(%$&$ (,  )* @j, /
AH'K)!+.$  BA42M-Q/)2*fl(- / A42M-UT!CH2HT-0/=$ E$  
0
 )B2 (' 2Hffi /*=/)!+.$&'*)!+ @1/!AD (:)#2Hffi! g$  H"02
jD D D  A42M-UT!CH2HT-0/=$
 E$  
0
 )B2 (' 2Hffi
)2(fl*=/)!+.$&'*)!+ @8/8AD (:) 2Mffi8 -F' +JffiL2ffi1/!AI27( @! "<(%$&$ (,  )* @j,g/)S $  
0
 )B2  ' 2Mffi)2(
*=/)!+.$&'*)!+ @8/8AD (:) 2Mffi8 $  B"02
 jD  G)! ,T@)548/='&-Q )* @8/8AD '*)@! H2   ! )g2 .(A42M-FT8CH2MT@-Q/=$ E$  
0
 @)B2yA
(=-Y'K) @! B2   L ) 2Hffi! CE$ (@AH'*)!+ @8/8AD 48/='&- ("Y/
0
T$ 2R'K$ (:(%4S/)2*/ A42M-UT!CH2HT-0/@$3 E$  
0
 )B2 4'K)!AH' *@ 2Hffi! 
0
T$ 2R'K$ (5(94 (' Affi1/=)8*.$  )*S =E4$K' CE' 2R$ ,e1:27( @! P/:@$  N2+(*= LCE' *= 4'K)N2Mffi8 Z 1/=$KT8/!2M' (%)I/=$ += A@!-0/  2+(&ffi' Cffi
A424 
0
2Mffi8 @8/8AD #ABffi2(%T@$ * *=/)!+.$  =W DX)#2Mffi! I"<(%$&$ (('K)8+g2R-0/)LA4"<(-
0
 2* +.-0/
0 0
/1-  !/1Cffi 4!-Y(:*JT!CH2M' (:)S/
-FT@$  /:4;4$K'  BA(2+(g' A/)@)2(@2[/!2[ )*(' 2HffiP2Hffi! PC)(--Q BA>48(%)2*.'*)!+)@T
0
@! E-jDflCD  *
]_^B`Ba@bBa.c8^L`EdEeLmHt1ac
Lt@i1mLz`BaEj=dLi@ef`Lh@ie
`dHjcRa8l=mLf1no_`LqcLbHreMfEnLt.^Rfvu1w@i!ni
]
] x4eB`!z1z{y^B`!z1z{~`MrEz{ac8d3{Ui!z@d3{Fi!z1n{UiLz=dMn|{z1n1iHr {}c8e{yeRn|{0wd{yeRl{0d3{Qn{ycLd3{
] rd3{0rdBz8n|{0rd!`Lz1n|{Qr.dHz=dBn{0rd!`Bz=dBn{QrdBzd!`Lz1n{0r.dL`Lz@dBz!n|{Qr.dMz=d3{QrdL`!zd3{U`!z!ze1e{
] e8eL`!z8z|{}^LbBae<{0td3{}^LbMrE.ca=i{~`E^LbHr1{0wV{Qw=mc<{Qw=md<{0w@m@e8 op`dHjv=`@eBiL1n1n`Bf@`Bh@ie
] eMf1n!t.^Rf ow=iEdEcRq1f1!l=i 18
] w=iEdEcRq1f1!l=i 18Nw
] w=iEdEcMq8f1!l=i odEc8eMfi!zx
] x `Hr1z81iLz`BaEj=dLid 1Eg=`@eBip18a=bdLi!!f@m!zE`BaEj=d!ifl18
] x `Hr1z81
a@b!z`Haj@d!i 1Eg=`@eBip18a=bdLi!!f@m!zE`BaEj=d!ifl18
] x1 ^L`Lz1z81iLz`BaEj=dLid 18
] xa@bd!iL8fm!z`Haj@d!ifl11xa.c!dv11iMrEl1f1.8 18
] x1 ^L`Lz1z81
a@b!z`Haj@d!i 18
] xa@bd!iL8fm!z`Haj@d!ifl11xa.c!dv11iMrEl1f1.8 18
] x8 ^L`Lz1z81iLz`BaEj=dLi!n 18
] xydLi!8fm!zE`Baj@d!i 11w@id1cMq1f88l@i= 18
] x8 ^L`Lz1z81iLz`BaEj=dLidBn18
] xydLi!8fm!zE`Baj@d!i 11w@id1cMq1f88l@i= 18
] a.c!d 81iMrElEf8 18NwJ
] w=iEdEcMq8f1!l=i o
] x1 eL`Lz1z81
@`@eLi !8w=id1cMq8f18l@i 81
] x1 eL`Lz1z81
@`@eLi !8d!i!!f@mLz`BaEj=dLi 81Nw
] d!iL8f@mLz`Haj=dLi odEc8eMfi!zŁx
] x `Hr1z81iLz`BaEj=dLid 1Eg=`@eBip18a=bdLi!!f@m!zE`BaEj=d!ifl18
] x1 ^L`Lz1z81iLz`BaEj=dLid 18
] xa@bd!iL8fm!z`Haj@d!ifl11xa.c!dv11iMrEl1f1.8 18
] x1 ^L`Lz1z81iLz`BaEj=dLidBn18
] xydLi!8fm!zE`Baj@d!i 11w@id1cMq1f88l@i= 18
     
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] a.c!d 81iHr1lEf8 18wJ
] a=bEd!i!!f@mLz`BaEj=dLi
okdEc8eMfi!zŁx
] x1 ^L`Lz1zp81i!zE`BaEj=d!iLnp81
] xyd!iL8fm!z`Haj@d!i 18w=iEdEcMq8f1!l=i@ 18
] x1 ^L`Lz1zp81
a=bLz`Haj=dLi81
] xa=bEd!iL8f@mLz`Haj=dLi 81xa.c8d
11iMrEl1f1.8 18
] x `Hr1zp81
a=bLz`Haj=dLi 1g@`@eBi18a=bdLi!!f@m!zE`BaEj=d!i 18wJ
] i!zE`Baj@d!iEd opi!z@d 81
=`eLi_L1ca.cMfeMfiHr 81Nw=mEd
] i!zE`Baj@d!iLn opi!z8n 81 ca.cMfeMfiHr8g=`eLi 81Nw=mEd
] i!zE`Baj@d!iEdBn opi!z@dBnp81
=`eLi_L1ca.cMfeMfiHr8g=`eLi 81Nw=mEd
] a=bLz`BaEj=dLi oz1nEiHr81 ca.cMfeMfiHr 81Nw=mEd
] cRacMfeRf@iMr oc1e81_^!d!b@eBi!z
] ^8dLb@eLiLz of@`H1td!`Lfi!z x
] eMf`@^Rh18w=`@cMn!lcRa81(rEtdHfc8d!b8bBl11GdLi!!f118
] ncMj!w1f181Ic8dLb1bHl 18NwJ
] rEtdHfc!d!b8bBl oflxrdBz@d 11
@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l.e 
] 1Eg=`@eBip1Eg=`@eBi 18
] x rd!`Lz=d 11
@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l.e 
] 1Eg=`@eBip1Eg=`@eBi 18
] rdBz8n 11
@`@eBi_!8=`@eBip1 rd!m@^BbHr1l.e 

] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 18
] x rd!`Lz1n 11
@`@eBi_!8=`@eBip1 rd!m@^BbHr1l.e 
] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 18
] rdBz@dBn 11
@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l.e

] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 18
] x rd!`Lz=dBn11
@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l.e 
] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 18
] x rdBz@d!`!z8n81@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l.e 
] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 18
] x rd!`Lz=dBz8n81@`@eBi_!8=`@eBip1Eg=`@eBip11rd!m@^BbHr1l.e 

] 1g@`@eBi1Eg=`@eBip1Eg=`@eBi 18
] rd 11
@`@eBi_!8=`@eBip1 rd!m@^BbHr1l.e 
] 1g@`@eBi1Eg=`@eBi 
] u.cRf8weMf@`^Mh!l=`@cMncaj 18Nw
] r.dLm@^LbMrEle  of`B1td!`Bf@i!z x
] x1 ^BbHrEcRa@i18
d!b^Mhm!z=d 81a=b8m!z@d!mBa@b1me1eLm8iBaEz 81
] x8 ^BbHrEcRa@i18
d!b^Mhm!z=dHnp81
z=dLm1bLnm@e8eLmEd!i!!f@mHa=b1me1eBm1iBaEz 81
] x `^LbHr1 18
d!b^Mhm!z=d 8g=`eLip81a=b8m!z@d!mBa@b1me1eLm8iBaEzŁ81Nw@m@cE
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
    
] r.dLm@^LbMrEle 
of`B1td!`Bf@i!z x
] x1 ^BbHrEcRa@iv18 xtdv11
a@b!zE`Baj@d!i@
18a=b8m!z=dLmBa@b1m@e8eLm8iBaz 18
] x8 ^BbHrEcRa@iv18 xtdv11iLz`Haj=dLi!n
18
z=dLm1b!nEm@e8eLmdLi!!f@mBa@b1me1eLm8iBaEz 18
] x `^LbHr1 18 xtdv11
a@b!zE`Baj@d!i@
1Eg=`eLip18a=b8m!z=dLmBa@b1m@e8eLm8iBaz
] 18Nw=m@c1
] r.dLm@^LbMrEle 
o
] x8 ^BbHrEcRa@iv18 xtdv11iLz`Haj=dLi!n
18
z=dLm1b!nEm@e8eLmdLi!!f@m@e8eLm8iBaz 18
] x1 ^BbHrEcRa@iv18 xtdv11
a@b!zE`Baj@d!i@
18a=b8m!z=dLm@e8eLm1iHaz 18
] x `^LbHr1 18 xtdv11
a@b!zE`Baj@d!i@
1Eg=`eLip18a=b8m!z=dLm@e8eLm1iHaz
] 18Nw=mc
] r.dLm@^LbMrEle

o
] x1 ^BbHrEcRa@iv18
dLb@^Mhm!z@d 81 a=b1mLz=dLm@e1eBm1iHaz 11
] x8 ^BbHrEcRa@iv18
dLb@^Mhm!z@dBn_81
z=dLm1bLnm@e8eLmEd!i!!f@me1eLm8iBaEzfl11
] x `^LbHr1 18
dLb@^Mhm!z@d1Eg=`@eBi18a=b8m!z=dLm@e8eLm1iHazfl11Nw@m@c
] dLb@^Mhm!z@d o
] x1 e8eL`!z8z18vniLjcLbHa18vi!zE`Baj@d!iEdfl18
] td 18i!zE`Baj@d!iEd 18Nw=mc
] dLb@^Mhm!z@dBnvo
] x1 e8eL`!z8z18vniLjcLbHa18vi!zE`Baj@d!iEdBn 81
] td 18i!zE`Baj@d!iEdBn 81Nw@m@c
] a=b8m!z=dLmBa@b1m@e8eLm8iBaz
o
] tdv81
a@b!z`Haj@d!i 18
] r.dLm@^BbHrEle 
] z=dLm1b!nEm@e8eLmdLi!!f@mBa@b1me1eLm8iBaEzOo
] r.d!m^LbMrEl.e 81
] d!b^Mhm!z=d
] a=b8m!z=dLm@e8eLm1iHaz
of@`B8tdL`Lf@iLz x
] td 81iLz`BaEj=dLi!n 81
] r.d!m^LbMrEl.e	
 81
] x8 `!z1z=e1e
81 xtdv18i!zE`Baj@d!iLn
81
nEi!jcBbBa 81Nw@m@cE
] z=dLm1b!nEm@e8eLmdLi!!f@m@e8eLm8iBazof`B1td!`Bf@i!z x
] x8 `Lz1ze8e
18
dLb@^Mhm!z@dBnp81
nEi!jcBbBa81
] rd!m@^BbHr1l.e

81
] d!b@^Rh@mLz=dBn 81Nw@m@cE
] eMf`@^Mh o x4eMn 81
@`@eLikL1^!d!b@eBi!z_8g@`@eLi@ucMf!wP@`@eLiHl=`cHncaj
    
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] w=`cHn!lcRa oflxwd 81
=`eLi_L1@`@eLip8xFni!j=cLbHaucMf8wZrJcadLb1bBle1c i 

] 8g=`eLi8g@`@eLi@
] ucMf!w eRf@`@^Rh8l@`@cHn=cRaEj
] d!iL8f1 oflx4el 81
=`eLi_L1@`@eLip8xdv18vniLjcLbHa 11ca.cRfeMfiHrJ
] 8g=`eLi8g@`@eLi@
] ucMf!w eRf@`@^Rh8l@`@cHn=cRaEj
] ncMj!wEf8 oflx4el 81
=`eLi_L1@`@eLip8xnp18_cRacMfeRf@iMr18
niLjcLbHaJ
] 8g=`eLi8g@`@eLi@
] ucMf!w eRf@`@^Rh8l@`@cHn=cRaEj
] c8dLb1bBl oflx4el 81
=`eLi_L1@`@eLip8
] x4c!dv18 xUnEi!jcBbBau.cRf8wvxr`Bqe8c	i
=8
] 81^!d!b@eBi!z_81
] xUnEi!jcBbBau.cRf8wvxr`Bqe8c	i
=81
] 8g=`eLi8g@`@eLi@
] ucMf!w eRf@`@^Rh8l@`@cHn=cRaEj
Hffi' AG+.-0/
0 0
/1- ' AG BA>4! !CE' /=$&$ ,)! ! )*@ )*,"<(- 2Hffi! C!/=$ C@T$ /!2M' (%) (" 2Hffi! 48/1- 2M' 2M' (:) "}T=)!CH2M' (%)W Hffi! 
-\ 8/!A (:) "<(- 2Mffi@' A ' A)12Mffi1/L2>1 TLAH'K)8+O2Mffi8 5@687:987;56>?+.-0/
030
/1- 1A42R-UT!CH2HT-Q BA.(' 2MffiAD 8 -Q/=$<A424 
0
A
+@ H2 ( 8 E-F-Q A48-Q BAD )B2[ )*%1 *JT8 2+(O2Mffi8 42(@A[AH'\@'&$K' 2 , ("
0
T$ 2M'64@$  C)(
0
@'*)8/!2R' (%)LA3("c*=/)!+J$&'K)8+@1/!AD LA!W
A(-"J(%T-3A424 
0
A 2Hffi' A
0
 8/=)!A)1@2Hffi8/!2 2Mffi8 YA/
0
 A42M-UT!CH2HT-Q 4'K)  Y'  )=)8/ )8(2D/L2M' (:)  C!/)/@! *@ E-F' 1 )*
'K) 	+  /e,!A)1 (ffi8 E-Q !/8A/GAH'K)!+.$  GA42[ 
0
C!/)/(:)$ ,@8 B*= E-F' 8 )*'K) 

  /e,8A!W Hffi' AZ-Q BABT$ 2yA
'K)Z/ ffi@' +Jffi! - 1/=$KT! "<(-2Hffi! 41/1- 2R' 2R' (%)N"}T@)!CB2R' (%) (ffi@' Cffi#$ (  E-\A 2Mffi! 4!-Y(9@8/:@'&$K' 2 , ("V !/1Cffi#'K)2*.' @' *%T8/=$
A42R-UT!CH2HT-Q =W  A 2Hffi! K48-Y(%@8/:@'K$&' 2 ,K(" /IABffi1/548 ' A(2Hffi! GABT
0
(@" 2Hffi! K48- (9@8/:@'&$K' 2M'  BA/("Y' 24A(A42R-UT!CH2HT-Q BA)1
2Mffi' A  (%T$ *g$  !/"* 2+(g'K)!C)(-F-Q LCH2Pffi' +%ffi! E- 48- (9@8/:@'&$K' 2M'  BA"<(-|ABffi8/:4! LA (' 2Mffi
0
(-Q ZA424 
0
A!W D )N2[ E-
0
A	("
/ $ /)2*ADC!/:4! #2Hffi' A
0
 !/)LA(2Hffi8/!2( 8/8C@ffi 1/=$K$  h, 'K)I2Hffi! S$ /)2*ADC8/548 += H2yA @!-Y(/"*@ @)! )* @,/ "F/1CH2+(-.("

	
[:Z

W
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
  
    /       '	   Gffi
Hffi! N+.-0/
030
/1-\A " -Y(
0
/:@2( 8 Z/1-Q C)(
0
4$  
0
 @)B24 2* @,Z/=$ +@ ;@!-0/8A ffi' CffiN 1/=$KT8/!2[ 2Hffi! C8/=)8*.' *=/!2[ BA
*@ E-F' 8 2* @,g2Hffi! +.-0/
0 0
/1- W Hffi! Cffi2(%' CL ,"}T@)8CH2R' (%) >kffi8/8A /
A>4! LC' /=$|"yT@)!CH2M' (:)/8Ag' 2$ 24 E-\A
(%TB2 E$  
0
 @)B2yA ffi8/@'*)!+)2(%) fl)! L+=/!2M' 8  @)! E-Q+R, (- /  (%$ 2#"
0
/)@)   E' +%ffiB24 2*, )! E-Q+R, A
0
/=$&$  -

W
D 2 ' A TLAD 2*'*) 2Hffi! /:@2(	8 +J-Q/
030
/1-\A 'K)S2Mffi! 4!-Y(:*JT!CH2M' (:)LA"<(-	
.687J> [5617%987<;=5@6=>?
+J-Q/
0
fl
0
/1-
 /)2*
.687J>>'1
.687J>I1
.687J>>17%9
J687J> [5617%917;=5@6=>?7;
J687%>J?
+.-0/
030
/1-
HW Hffi8 (' *@ 8/B@! ffi'*)2*I' AV2Mffi1/L2 / ABT5@LA42R-UT!CB2MT-Q 'K) 2Mffi!  e=824 -F)1/@$>(-:/
0
T$ 2M'64$  ($ (:(%4YABffi2(%T$ *
)2(2 ffi8/8 42(@AH' 2R' 8  )8 E-Q+R,e1 /8A 'K)2Hffi' APC8/!AD ' 2  (%T$ *)2(2N"<(-
0
W DX) 2Hffi! "<(%$&$ (,('*)!+ D ('K$&$+.' 8 
/@$ +@ A@8-0/!A "J(=-A42R-UT!CH2HT-Q ( )@T
0
 E-0/!2R' (%)51A42M-FT8CH2MT@-\ C2(%T@)B2M'K)8+%1
0
'K)@'
0
T
0
" -Q L ( )! -\+A,C8/@$ CT$ /L2M' (:)51
4!-Q H2y2 , 48-'*)B2M'K)!+p'K)   '  @)@)8/  )2(@2[/!2M' (%):1 4!-Q H2y2 , 48-F'K)B2M'K)!+p'K)SABffi8/:4! BA )2(@2[/!2M' (:)51 ABffi8/:4! g/=)1/@$ ,!AH' A)1
48/1- 2R' 2R' (%)P"yT@)!CH2M' (:)IC!/=$ CT$ /!2R' (%) /)2*#2Hffi! 4!-Y(:*JT!CH2/@$ +@ A@8-0/I2+(C)(
0
@'K)8 P/=$ +@ A@8-Q/8A!WHffi! h, /1-Q I/=$&$
+.' 8 @).(' 2HffiP2Mffi! #/8*5*.' 2M' (:)8/=$"yT@)!CH2M' (:)LA"J(=-2Hffi! 5617%917;=5@6=>?7;
J687:>J?g+.-0/
0 0
/1-.@=TB2
/@$ A (S/:4;4$ ,G27( 2Hffi! 5617%917;=5@6=>?+.-0/
0 0
/1- W
fiffflffi  "!#%$'&(!$)#+*-,/.0$)12*'#+34!5768.
]iHa1t!r:99ZEn8n`B a1f<;!=`eLikH]`kB]
] =E`Ha=bHa.c1^B`dLmLdHjiHn` DaEf xDaEf|{ a1f.>=@d!beLiLz?=@dLb@eLiLz
]iHa1t!rffeLimvo xyeL`!z8z|{}^L`!z8z|{U`HrEEz|{0a.c8d<{~iLz=d{~i!z8n{Ui!zdBn{Fz!niHrV{}c8e<{ eHn{w=d3{yel{0d{En|{ c8d3{
] r.d<{0r.dHz1n{0r.dL`!z8n|{0rdBz@dBn|{Qr.dL`!z=dHn{Qr.dMz=dL`!z!n|{0rdL`Lz=dMz1n{0rdBz=d<{Qrd!`Bz=d<{~`Bz1ze8e{
] e1eB`!z1z{y^BbBa.e{td3{y^BbHr1.cRa@i{U`@^LbMr1{w|{w@m@c:{w=mEd<{0w=mEeE
] u1w@i!ni
] eL`Lz1zvpoA@1`Lz1zflxyeOJ
] ^L`Lz1zo<=E`Lz1z
] `Hr1z^Ok`o!r1z^ x4e.
`
] a.c!dvmvo<Bc8d
] i!z@dpoA;8z=dxyeOJ
] i!z8n^Oko?;8z1n^x4eO.
] i!z@dBnkdMs^,nLpo<;1z=dHnŁx4edRJ^ x4e,nLJ
] z1nEiHr_oDCnEiHr
] c1e,o 8e
] eHnkdRs^nLpoA@!n x4edRJ^ xye,n!J
] wd d1dMdRd
n!_n1nLo?Ed x4ed1dRJ xyedMJvdxye,n!. x4e,n1nLJ
] eRl d1dMdRs^,n!_n1nLoF@Blxyed1dM. x4edRJ^ x4e
nLJ x4e,n8n!.
] d ^O1tdHji o=d^1tdHji
] n 1tdHjip^ o1nv1tdBji_^
] c8d ni!j
^
niLj  o Ld
niLj ^,niLj 
] r.dd8dMdMr1tdMfc,n!pn8n!poDGdx4ed1dRJ xyedMJ r1tdMfc x4e,nLJ xye,n1n!.
] r.dHz1n d8dMdR rEtdHfcz1nn!pn8n!
] oHGdHz1n xyed1dM.:xyevdM. r1tdMfc x4e,z8n%x4enLJ:xyen1nLJ
] r.dL`!z1n d8dMdR rEtdHfcz1nn!pn8n!
] oHGdL`!z8n xyed1dM.:xyevdM. r1tdMfc x4e,z8n%x4enLJ:xyen1nLJ
] r.dHz=dBn d8dMdRpz=dOrEtdHfcz1nn!pn8n!
] oHGdHz=dHn xyed1dM.:xyevdM.:x4eOz=d r1tdMfc x4e,z8n%x4enLJ:xyen1nLJ
   
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] r.dL`!z=dHn d8dMdRpz=drEtdHfcOz1nn!pn8n!
] oDGdL`!z@dBnŁxyed1dM.:xyevdM.:x4e,z@d r1tdHfc x4e,z8n%x4e,n!.:xyen1nLJ
] r.dHz=d!`Lz1n_d8dMdRpz=drEtdHfcOz1nn!pn8n!
] oDGdL`!z@dBnŁxyed1dM.:xyevdM.:x4e,z@d r1tdHfc x4e,z8n%x4e,n!.:xyen1nLJ
] r.dL`!z=dHz1n_d8dMdRpz=drEtdHfcOz1nn!pn8n!
] oDGdL`!z@dBnŁxyed1dM.:xyevdM.:x4e,z@d r1tdHfc x4e,z8n%x4e,n!.:xyen1nLJ
] r.dHz=d d8dMdRpz=drEtdHfc n!pn8n!
] oDGdHz=d xyed1dM.:xyevdM.:x4e,z@d r1tdHfc x4e
n!.:xyen1nLJ
] r.dL`!z=d d8dMdRpz=drEtdHfc n!pn8n!
] oDGdL`!z@d xyed1dM.:xyevdM.:x4e,z@d r1tdHfc x4e
n!.:xyen1nLJ
] `!z8ze1e,o1z1z=e1e
] e1eB`!z1zoA@eL`Lz1z
] ^LbHa.e,oA=EbHa.e
] tdod
] ^LbMrE.ca=ioA=1bHrEcRa@i
] `@^BbHrEs^ Ss^ o^BbHr1^  x4eO.^ 
] w_ocHz
] w=mc,oscMz
] w=mEd
oscMz
] w=me,oscMz
] ec,oseBi| c
fifffl ff  #+* !!	
 # 5 .4!5 . 57*'.0. 3
 6'!3 !576".
Hffi! ff:;L7fffly/=$ += A@!-0/#2D/:? BA /8AY/1-Q+JT
0
 )B24A y>flfiffi  :;    2Hffi! A7,
0
@2(%$ A(-Q A48-Q BAD )B2M'K)!+
*=/)!+.$&'*)!+ @8/8AD BA (:)I2Hffi! ffi"! fl /)2*$#"! fl AH' *@ 51V-Q BA>4! LCH2M' 1 E$ ,BW DX)G2Hffi!   '  )@)8/ #)2(@2[/!2M' (:)I2Hffi! E-Q ' AG)2(
 =E4$K' CE' 2Z-Q A48-Q BAD )B2D/!2R' (%)K(" *=/)!+.$&'*)!+fl@8/8AD BA)1<A (2Mffi1/L2 2Mffi!   '  )@)8/  )2(@2[/!2M' (%) ' A/1Cffi'  8 )* (' 2Mffi
flff;L7ff&%('fl% %('fl%HW
)
flff;L7ff+*ff*$, %6.-
)
, %6/-
)
60-
)21
-
)
)
,J687:987;56>fl3%>
1
%6 ;5476B7ff876B79;:fl;L7<:;L7
)
flff;L7ff >flfiffi ;    ;=
)
4R?@6

>R56

>D6@?
1

> 7;>A 
.>A 
B 
J>8 
C?DR;@?ER? 8  :>R? 
1
>
1
BR;@>A
)
?>AF?>
8F?>6
BF?<>
J>BG?>6
J>BH?>
J>6
BG?<>6
.>
8G?<>
%>G?>6
.>I
)
6

J?=?D??@6

>R5987?E %>R59?
1
;L7B[6.5@9?
1
      J;J  .>A  %?ff9LK 
)
?@6

  ? =M%N'ffi%N*[?
)
56

 ?"Os?P;=Ł?QOSRR%?P
)
6@?
1

 ?"O
1
?P;=fl?QOSRR>4ff%N'ffi%N*[?P9
)
7;@>  =UTFV
)

J>  ? = >flfiW*4?
)

 ?  = ?RR:;  D*NTFV
)

J>  ? ;= >flfiW*4?RR:;  D*NTFV
)

X? =Ł;

)
;@? =Ł;

)
?   ? ;=Y%4ff%(*4?CRffR[ZC9QZ
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
    
)
 %>  Y4   O   P9   = %ffi4N%N*ffi%ffi4ff%(*
J9X:?Y4  P-  JOC9CRR[ZC99"Z
)
?  Ł?2 ;=M%4ff%N*ffi%ffi4N%N*4?RR ZX99"Z
) 1
> 4>"OD>flPQ9 ? = 
J9X:? 4D>flPQ-> OC9XRffRJ?
) 1
 ? 4 [O NPQ9 =Ł?RR
J9X? 4 (P- [OC9
)
;> 4D> O[>ffiP9? 4 [O  NPQ9 = 
.9C:? 4>flP-@>"O9XRR%?CRffR
.9C:? 4 NP- [O9
)
?>  Ł?2  =M%ffi4N%N*ffi%ffi4ff%(*4?RR[ZC99"Z
)
?>
  Ł?2   =M%ffi4N%N*ffi%ffi4ff%(*4?RR.>flfiW*	ZC99"Z
)
?>6
  Ł?    = %ffi4ff%(*fl%4ff%N*[?CRffR.>ffififfiD*	ZX9ff9QZ
)
?>
.>    ?   ;=M%ffi4N%N*ffi%ffi4ff%(* ;  ffW*[?CRRJ>ffififfi *	ZX9N9QZ
)
?>6
J>   Ł?   ;= %ffi4ff%(*fl%4ff%N*:;  D*4?RR.>flfiW*	Z99"Z
)
?>
.>6
   Ł?   L= %ffi4N%N*ffi%ffi4ff%(* ;  ffW*[?CRRJ>ffififfiW*@ZX9ff9"Z
)
?>6
J>
   Ł?   L= %ffi4N%N*ffi%ffi4ff%(* ;  ffW*[?CRRJ>ffififfiW*@ZX9ff9"Z
)
?>
.>    ?   =M%ffi4N%N*ffi%ffi4ff%(* ;  ffW*[?CRR ZX9ff9QZ
)
?>6
J>   Ł?   = %ffi4ff%(*fl%4ff%N*:;  D*4?RR[ZC99"Z
)
6

J??? 4 [O  (P92=Ł?RR
J9X? 4 (P- [OC9
)
?=?=6

M4D>"O [>ffiP9 ? = 
J9X:? 4D>flPQ-> OC9XRffRJ?
)
5917:? ?QO ?P =Ł?"O	RR%?P
)
%> ? = ?
)
59?
1
;L7 ?QOs?P;=fl?"O RRfl?P
)
65@9@?
1
?QO
1
?P;=fl?"O RR %N'ffi%*
?P
)
  =fl; 

)
 %; =fl; 

)
 .>2=fl; 

)
 J? =fl; 

)

.9C:? ; = fl%>.;=56C; %N'fl%

;7=7%6A%%
7%9X:6X<;987 6=>
1
J6>*
)
;7=7%6;=Lflff;L7ff&%('fl% %N'ffi%
fifffl	 
 5 . 5 1 $)1 )#+* *-,/.'*'# I 37& $73 !576".
H ( @! Y/:@$  2+(N/8A[AH' +J)Y2Hffi! C)(-F-Q LCH2.*=/)!+J$&'K)8+Z @)! E-Q+.'  LA)1A (
0
 "yT@)!CH2M' (:)LA)1=ABT8Cffi(/8A 6@?
1

 y6?
1
' +JT-fl
(%TLA 
/=)8+.$  h1 )! L 2*2+( ?E)2(fl2Hffi! O'*)2*.' CL BA3(@" 2Hffi! CE$ (@AD )*
ABT;@LA42M-UT!CH2HT-Q O/!2N2Mffi! ffi"! fl} )2*fl(" 2Hffi! 
ABT;@ (=-Y*%1-0/L2Hffi! E-2Mffi8/)2Mffi! I'K)2*J' CL BA("|2Mffi8 ABT;@.(-Y*S' 2yAD $ "4W A(-2Hffi' A-\ 8/!A (:)51/=$K$8"yT@)!CH2M' (:)LA 2Hffi8/!2
/5454! )2*pAH'K)!+.$  BA42M-Q/)2*@Ag/)2*2Hffi! g"}T=)!CH2M' (%)_56

pC2(
0 0
T@)' C!/!24 g2Hffi! O"J(=-
0
 E-N'*)O2Mffi8 E'&-P-Q BABT$ 2yA!W
.T- 2Mffi8 E-
0
(-Q ;1J2Hffi! C2(=-F-Q BA>42(:)2*.'*)!+ "yT@)!CH2M' (:)LA "J(=-
0
T$ 2M'&$ (5(94LA)! L 2* 2+(?E)2(2Hffi! G'*)2*.' C! BA	(@"|2Hffi! 
ffi"! fl} )2*P/)2*2Hffi! # ! fl} )2*ZCE$ (=AD )*ZABT;@LA42M-FT8CH2MT@-\ 2+( *= LCE' *= ffi! B2Mffi! -3/ @8/8AD *=/)!+J$  BA 27(2Hffi! CE$ (@AH'*)!+
A424 
0
(@" 2Mffi! 
0
T$ 2M'&$ (5(94 (=-2Hffi! PA424 
0
/!2 2Hffi! .ffi ! fl /)2*#"! fl} )8*%1|-\ LA>4! LCH2M' 8 $ ,HW
],ri 9 9ZEn1nE`L DaEf<;!@`@eBi_B]=d!b1`BfB]
] =E`Ba@bBac1^L`Ed!mBdBjEiBEn` a1f xa1f{ aEf x=d!b8`Lf{ a1f{ DaEf
] x=d!b8`Lf{!xDaEf{ a1f.{!xDaEf{ Da1f.!
     
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

]
ri`!n8n`Bf@`Bh@i@eOoxyeL`Lz1z|{}^L`Lz1z|{U`Hr1z`!n8n`L|{ac8d3{Ui!z@d
`!n8n`B{~iLz1n`!n1nE`L|{~i!z@dBn`!n1nE`L|{
] z1nEiHr {}c1e`!n1nE`L|{yeHn`!n1nE`L|{wd,`!n8n`L|{yel_`!n8n`L|{d`!n8n`L|{
] np`Ln1n`B{}c8d
`Ln1nE`L{Qr.d`Ln1nE`L{Qr.dHz1n`Ln1nE`L{Qr.dL`!z1n`!n8n`L|{
] r.dHz=dBn`!n1nE`L|{0r.dL`!z@dBnv`!n1nE`L|{0r.dHz=dL`!z1n`!n8n`L|{0rd!`!z@dBz8n`Ln1n`B{
] r.dHz=d`Ln1n`B{Qr.d!`Lz=d,`!n1nE`L|{~`!z8ze8e<{ye8eL`Lz1z|{}^LbHa.e<{0td<{y^BbMr1.cDa=i{
] `@^BbHrEp`!n1nE`L|{wV{0w=mc<{w@md<{w=meE u8w=i!nEi
] eL`Lz1zkdMx~i{Um{FnLJOoflx~i{ dMV{n!.
] ^L`Lz1zflx i%{ dMJ{FnL!sx i{}dR {Fn! = oflx i_i{}dRJ{Fn! !
] `Hr1zcRa8lx i%{}dRJ{Fn! !Sz!x i{ dM {FnL =
] ox iix0rJcaflxUz8nm8iBa=iLn1j!kcRa8lxydR%{n! !1%xUz@d!m1iHa=iLn1j8ca1lx}dM {FnL =81:{}dM %{n!L
] a.c!dvmoflx {0aV{a.
] i!z@d cRa8lpz=dx~i{}dRV{n!J
] o x iz@d!m8iBa=iLn1j!cRa8l xydRV{FnLJ:{}dM{FnLJ
] i!z8n cRa8l x~i{}dRV{n!J z1n
] o x iz8nm8iBa=iLn1j!cRa8l xydRV{FnLJ:{}dM{FnLJ
] i!z@dBncRa8lpz=dx~i{}dRV{n!J z1n
] o x iz@d!m8iBa=iLn1j!cRa8l xydRV{FnLJz8nm1iHa=iLn1j8_cRa8lxydM{FnLJ{ dM{Fn!.
] z1nEiHr_ocHz
] c1ecRa8l x~i{}dRV{n!J o x ifi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.{}dRV{n!J
] eHncRa8ldMx~i{~m{~m@On!poflx~iseMnm8iBa=iLn1j!kcRa8lxydRV{FnLJ:{}dM{FnLJ
] wdpcRa8ld1dRdMsd!b8bBlnLpn1nL
] o xwd!m8iBa=iLn1j!kcRa8lxydRV{FnLJseMnm8iBa=iLn1j!kcRa8lxyd8dMV{n1nLJ{ d1dRV{Fn8n!.
] eRlffcRa8ld1dRdMx i{~m{~m= n!_n1nLpoflx ieHnEm1iHa=i!n8j8_cRa1lx}d1dRV{Fn8n!.{#d8dM{Fn1nLJ
] dpcRa8lxyd<{Fnffx i{ d!iHaz|{niHaz
] o x ivd!m8iBa=iLn1j!cRa8ld xyd<{Fn xUnEiBaz	 L{}d<{FnEiBaz
] ncRa8lx i{}d!iHaz{FniHazsx}d3{Fn
] o x ivEnm8iBa=iLn1j!cRa8l xydLiBaz L xyd<{FnffxUn
!:{}d!iHaz{Fn
] c8dpcRa8lxyd %{}d =sx i{ d3{n xFn %{n @
] o x ic!d!m8iBa=iLn1j!cRa8l xyd %{}d = xFn J{Fn @{ d %{In =
] r.dpcRa8ld1dRdMx i{~m{~m= n!_n1nL
] o x 
	 i=eHnEm1iBa@i!n8j8cRa8lxyd1dRV{n1n!.!f@i!nBr`Ht1l=iHa=`EdHf1 x4cRa8l UdMJffx4cRa8l 0n!J:{}d8dMV{n1nLJ
] r.dHz1ncRa8ld1dRdMx i{~m{~m=gz1nn!pn8n!
] o x 
	_iz1n=cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ eHnEm1iBa@i!n8j8kca1lx}d1dM{Fn8n!J
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.{}d8dM{Fn1nLJ
] r.dL`!z1nca1ld8dMdMx~i{Um{8xh{ d1 z1nnLpn1n!
] o x 
	_iz`Haj@d!i1m8ieHnEm1iHa=i!n8j8_cRa1lx}d1dRV{Fn8n!.
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.{}d8dM{Fn1nLJ
] u1w@i!nEiz`Haj=dLi1m8iorJcaxUz1n=cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ8ffxUz8nm8iBa=iLn1j!kcRa8lxFh|{}d8
] r.dHz=dBnca1ld8dMdMpz@dx i{~m{Um=Oz8nn!pn8n!
] o x 
	_iz=d1cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ z1n=cLm1iHa=iLn1j8_cRa8l xydRV{FnLJ
] seMnm8iBa=iLn1j!kcRa8lxyd8dMV{n1nLJfi!nLr=`Bt8l=iBa@`dMf1 x4cRa8l UdMJsx4ca1l 0n!.{}d8dM{Fn1nLJ
] r.dL`!z=dHncRa8ld1dRdM_z=dx~i{8xyc<{{!xFh|{}d8 z1nn!pn8n!
] o x 
	_iz`Haj@d!i1m8ieHnEm1iHa=i!n8j8_cRa1lx}d1dRV{Fn8n!.
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.{}d8dM{Fn1nLJ
] u1w=iLnivzE`Baj@d!i8m1i
o x0rJcRaflxUz=d1cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ8 xUz@d!m1iHa=iLn1j8_cRa8l x4c{81
]  x0rJcRaflxUz1n=cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ8 xUz8nm1iHa=iLn1j8_cRa8l xFh|{}d81
] r.dHz=d!`Lz1nkca1ld8dMdMpz@dx i{8x4c{={8xh{ d1Sz1nnLpn1nL
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
  
] oflx 
 pi zE`Baj@d!i8m1ieMnm1iHa=iLn1j8_cRa8lxyd1dRV{n1n!.
] f@i!nBr`Ht1l=iHa=`EdHf1 x4ca1l ~dM. x4ca1l n!.{ d1dM{Fn8n!J
] u1w=iLnizE`BaEj=d!i8m1ioz@dEcBm1iBa@i!n8j8kca1lx}dMV{n!.
] r.cRaxFz1ncBm1iHa=i!n8j8_cRa1lx}dM{Fn!.1sxUz1nEm1iHa=i!n8j8_cRa1lxh{ d1
] r.dL`!z=dHz1nkca1ld8dMdMpz@dx i{8x4c{={8xh{ d1Sz1nnLpn1nL
] oflx 
 pi zE`Baj@d!i8m1ieMnm1iHa=iLn1j8_cRa8lxyd1dRV{n1n!.
] f@i!nBr`Ht1l=iHa=`EdHf1 x4ca1l ~dM. x4ca1l n!.{ d1dM{Fn8n!J
] u1w=iLnizE`BaEj=d!i8m1ioflx0rJcaxUz=d1cLm8iBa=iLn1j!kcRa8l xydRV{n!J8 xUz@d!m8iBa=iLn1j!kcRa8lx4c{81
] z8ncBm1iBa@i!n8j8kca1lx}dMV{n!.
] r.dHz=dcRa8ld1dRdM_z=dx~i{Um{~m@On!pn8n!
] oflx 
 pi z@dEcLm8iBa@i!n1j!kca1lxydRV{n!J eHnEm1iHa=i!n8j8_cRa1lx}d1dRV{Fn8n!.
] f@i!nBr`Ht1l=iHa=`EdHf1 x4ca1l ~dM. x4ca1l n!.{ d1dM{Fn8n!J
] r.dL`!z=dcRa1ld8dMdRpz=dx i{8xyc<{={Um=gnLpn1nL
] oflx 
 pi zE`Baj@d!i8m1ieMnm1iHa=iLn1j8_cRa8lxyd1dRV{n1n!.
] f@i!nBr`Ht1l=iHa=`EdHf1 x4ca1l ~dM. x4ca1l n!.{ d1dM{Fn8n!J
] u1w=iLnizE`BaEj=d!i8m1ior.cRaxFz=dEcBm1iHa=i!n8j8_cRa1lx}dM{Fn!.1sxUz=dLm1iHa=i!n8j8_cRa1lxyc<{1
] `!z8ze1e x i{!xydR%{n! !{!xydR {n! =1kxyc<{
] oflx~ise8eLm8iBa=iLn1j!Łx4c{={8x}dM %{FnLL{8x}dM {FnL 1
] e1eB`!z1z x4c<{ x~i{}dRV{n!J oflx

kie8eLm1iHa=iLn1j8 x4c{:{8x}dMV{n!.{8x}dM{Fn!.1
] ^LbHa.e x i%{ dMJ{FnL!x i{ dM {FnL =So x ipi{ dM %{FnLL
] tdx~i{}dRV{n!J o x

pi{8x}dMV{n!.{8x}dM{Fn!.1
] ^LbMrE.ca=i x~iJ{8xydRJ{Fn! !:{~m=x~i{Um{!xydM {n! @1 o x ipi{!xydR%{n! !{!xydR {n! =1
] `@^BbHrEcRa1lx~iJ{8xydR=`{Fn!@`=:{8xydRJ{Fn! !8#x i{8x}dM {FnL =:{8x}dM1{FnL1J8
] oflx~ipi
] flx0rJcRaxFz1nEm1iBa@i!n8j8kca1lx}dMJ{FnL!8ffxFz=d!m8iBa@i!n1j!kca1lxydR {Fn! =81{
] x}dM=`{FnL=`=:{8x}dM1{FnL1J8
] w

o

] wqe
o

r.cRacrEt!rqe

] w=mc,ovw
] w=mEd

o

] w=mEd,qe,ocH x0rJcRa;mBqe,  = f8w=iHa

x0rJcRa;mBqe<{}c<{

id1eLi

] u1w@i!ni x0rJca;mBqe{yc<{SorJca.cr1t8rqe
] w=me,ovw
] x m{aJgo@bBt8aze,`!n1nE`L
fifffl   3
	 *  6'!34!576".
Hffi! +@ )! E-0/=$ ?  :6X k/=$ +@ A@8-Q/2[/:? BA k/1-Q+JT
0
 )B24A.* 
.617J>.9X1 
.617J>%5>'1N>9=9C.??E1
>=9=9C.9X1V>=9=9C%5> /)2*??.W	
.617%>.9X/)2*>
.617%>%5> +.' 8 G2Hffi! (94! )'*)!+/)2*SCE$ (@AH'*)!+
Cffi8/1-0/1CH2[ E-'K)v2Mffi8 vC8/!AD 2Hffi8/!2 (%)$ ,2Mffi! k)! LA42R'*)!+ (" ffi8/='K-J4@'K)LA
/)2*
0
T@$ 2M'&$ (:(%4LA' AOC)(:)LAH' *@ -\ 2*:W
VC!C)(- *J'K)!+.$ ,e1 >=99X 9X/)2*v>9=9X J5@>+.' 8 2Hffi! Cffi1/1-0/8CB24 E-\A&(ffi8 ) /=$&$|$ (5(94 2 ,548 BAPABffi2(%T$ *+= H2
-\ ;4!-Q BAD )L24 )*WO>9=9X .??O/)2*??,-Q A4!-Q BAD @)B2P2Mffi! AH'*)!+.$  BA42R-0/)2*@ 2*p-Q L+J' (%)!A ("$ (5(94LA /)2* (" 2Hffi! 
 =82[ E-U)8/=$/=)8*
0
T$ 2M'$ (5(9451 -Q BA>48 LCH2M' 8 E$ ,HW DX)I2Hffi! C!/8AD (" /5@!A42R-0/1CH2M'K)!+g"}- (
0
C! E- 2[/='K)  $  
0
 )B24A)1
 =W*+:W /@$K$=AH'K)8+.$  BA42M-0/)2*A)132Hffi! GC)(-F-Q BA>42(%)8*.'K)!+/1-Q+JT
0
 )B24A/1-Q I/8A[AH' +J)! 2* 2Hffi! G 
0
4L2 ,ZA42M-F'K)!+:W
     
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

]kew=`Bl@i 99 @BfEn=cRajkB]<@Lf1ncRaEjB]?@BfEn=cRajkB]?@Lf1ncajH]?@LfEn=cRaEjB]<@Lf1ncajH]
] 1n1nE`L DaEf<;!@`@eBi_B] dLb1`BfB]
] =1`Ba@bBa.c8^L`Ed!mL=dBjEiBnE` aEf x a1f{ DaEf @Lf1ncaj<@BfEncaj
]kew=`Bl@ii!zE`BaEj=d!i8m1bHlpi!zE`BaEj=d!i8m@^!dvd!b8bBl@m@e1ed!b1bHl=m8bBldLb1bBl@m@^!de1e`Ln1n`Bf@`Bh@ieo
] x4eB`!z8z|{y^B`!z8z|{~`MrEEz|{ac8d<{~i!z@d3{UiLz8n|{Fi!z=dHn{z1nEiMrV{yc!e<{yeMn{0wd<{}elV{Qd3{0En{yc!d<{
] rd3{Qr.dBz8n|{Qr.d!`Lz1n{0r.dHz=dHn|{0rd!`Lz@dHn|{\r.dBz@dL`Lz1n{Qrd!`Bz=dBz8n{Qr.dHz@d<{0rd!`!z@d<{U`!z8z=e8e<{
] e8eL`Lz1z|{}^LbHa.e<{0td<{y^LbMrEcRa=i{~`^BbMrE|{wV{0w@mc<{0w@mEd3{Qw=m@e1#u1w@i!nEi
] eL`Lz1zpmke ocH x4e8eo1oe,o1oHOf8w@iBaDmgid1eLi`Hl1lse1ee
] ^L`Lz1ze e
 ocH x4e8eo1oe vo8om	Bgf!w=iHase id1eLi`Hl1lse e

] `Hr1ze Sffe
vop`Bl1lx~`Bl8lse e1e1e 
] a.c!d m o

] i!z@d m e oe1e 	iLz`BaEj=dLi1m1bHl 	e 	iLz`BaEj=dLi8m^8d
] i!z8n evm opi!z`Haj@d!i1m8bBl 
e
Ei!z`Haj@d!i1m^8d 	=e1e
] i!z@dBnpmkem oe1e 	iLz`BaEj=dLi1m1bHl 	e 	iLz`BaEj=dLi8m^8d
e8e
] z1nEiHr e opi!z`Haj@d!i1m8bBl 
e
Ei!z`Haj@d!i1m^8d
] c1e ocHz
] eHn_m_evm oe
] wdmmmmmokd!b1bHl=m8bBl 	=dLb1bBl@m@e8e 
@d!b8bBl=m^8d
] eRlmmkemmoe
] dm_e okd!b1bHl=m8bBl 	=dLb1bBl@m@e8e 
=e 	=d!b8bBl@m^!d
] nem okd!b1bHl=m8bBl 	e
=dLb1bHl=m@e8e 	=d!b8bBl@m^!d
] c8dm_evm okd!b1bHl=m8bBl 	=dLb1bBl@m@e8e 
=e 	=d!b8bBl@me8e =d!b8bHl@m@^!d
] r.dmmkemmokd!b1bHl=m8bBl 	e
=dLb1bHl=m@^!d
] r.dHz1npmm_emmm okd!b8bBl=m8bBl 
 x~`Bl8lsee1eE 	=dLb1bBl@m@^!d
] r.dL`!z1npmmkemmmokd!b8bBl=m8bBl 
 x~`Bl8lsee1eE 	=dLb1bBl@m@^!d
] r.dHz=dBnpmmm_evmmm okdLb1bBl@m1bHl 
 x `Hl1lse1e x~`Bl8lsee1eE8 
@d!b1bHl=m^8d
] r.dL`!z=dHnpmmmkempmmokdLb1bBl@m1bHl 
 x `Hl1lse1e x~`Bl8lsee1eE8 
@d!b1bHl=m^8d
] r.dHz=d!`Lz1nmmmkemmmvod!b1bHl=m8bBl 	 x~`Bl1lse8e x `Hl1lsee1e11 	=d!b8bBl@m@^8d
] r.dL`!z=dHz1nmmmkemmmvod!b1bHl=m8bBl 	 x~`Bl1lse8e x `Hl1lsee1e11 	=d!b8bBl@m@^8d
] r.dHz=dvmmm_evmm okd!b8bBl=m8bBl 
 x~`Bl8lse1eeE 	=dLb1bBl@m@^!d
] r.dL`!z=dvmmm_evmmokd!b8bBl=m8bBl 
 x~`Bl8lse1eeE 	=dLb1bBl@m@^!d
] `!z8ze1eem op`Bl1lsee8e
] e1eB`!z1zpm_e op`Bl1lse8ee
] ^LbHa.ee e
 op`Bl1lse e 
] tdpe oe
] ^LbMrE.ca=ipe e Lop`Bl1lse e 
] `@^BbHrEse Sse Lop`Bl1lx~`Bl8lse e1e1e 
] w oa8t1
] w=mc,ow
] w=mEd
ow
] w=me,ow
`Hl1lpLt.eLie`!z
E`@^BiBa1f~myefbbBa=iUmPu8w=iBa^LbBa^L`Bf@iBa@`LfcRajpeMf1ncRaEje
]`Hl1l 99 @BfEn=cRajkB]?@Lf1ncajH]?@LfEn=cRaEj
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
    
]`Hl1l

e,oe
]`Hl1l Dm m	So
m	
]`Hl1lxq 9

 x 9

goq'90'9

]`Hl1lxq 9

 x 9QeEgok`Hl1lx~`Bl1lflxFq 9

 xF'9

1ge
]`Hl1lxq 90qeEge,oq 9#`Hl1lqee
Hffi8 C*.' ffi E-Q )B2Y/:@LA42M-Q/1CH2M' (:)I$  8 E$ A /1-Q C*@ )! 2*@, *.' ffi| -\ @)B2Y/8A[AH' +J)
0
 )B24A "<(-32Mffi! N/1-Q+JT
0
 @)B2yA
(" 2Hffi! ?  %6CO/=$ +@ ;@!-0/.WCHffi! 3*= )' 2M' (:)LAN"<(- 2Mffi8  8 GABffi1/548 I2 ,548 BA3D3'
0
4$  
0
 @)B24 2* A (S"F/1- /1-Q 
/!AY"<(%$&$ (

A.*
)
?  %6CO =fl?  %6C5ZffZ ZZ Z% Z Z T7Z Z7V Z Z  Z
)
?  %6CP =fl?  %6C5ZffZ ZZ ZffZ Z T Z Z	V[Z Z% Z
)
?  %6C0=fl?  %6C5ZffZ ZZ ZffZ Z T Z Z	V[Z ZffZ
)
?  %6C=fl?  %6C5ZJT Z Z	V[Z ZZ ZffZ ZZ Z% Z
)
?  %6C =fl?  %6C5ZJT Z Z	V[Z ZZ ZffZ ZZ ZffZ
fifffl	   3
	 *
. 3  5 
 APA42[/!2[ )*v'K)2Hffi! K(:TB2R$K'K)! (" 2Hffi! g'
0
4$  
0
 )L2[/!2M' (%)(@"3:?  %6CJ? UAD ! fi: !CH2R' (%)<W

W  e12Hffi! 
/@$ +@ A@8-0/
0
/:? BAPTLAD 3(" / C)(
0
@'K)8/!2M' (:)(@" 2Hffi! ?;L7;S?ffi?
fi 7ffi 1 ?  :6X  /)2*

;E7=7:6
7%9X:6X<;987/=$ +@ A@8-0/8A!W H (s/1Cffi@'  8 2Mffi' Ag2Mffi! k?  %6C.?/=$ +@ A@8-0/ (%@B2D/='K)LAO2Hffi! v"}T=)!CH2M' (%)!AO" -Y(
0
2Mffi2(=AD S/=$ +@ ;@!-0/8A)1  =CL A4B2Z2Mffi8 Cffi2(%' CL "}T@)!CB2R' (%)

ffi@' Cffi' A'
0
4$  
0
 )B2[ )* =E4@$&' C' 2M$ ,g27(O"U/1CE'&$K' 2D/L2[ 
2Mffi! $ 2[ E-F'K)8+ ("  
JT8/=$%ABffi8/:4! LA!W Hffi! #ABffi8/:4! /=$ += A@!-0/,' AZ+.' 8 @) /8AP/=) /1-Q+JT
0
 )B22+(O )8/:@$  2Hffi! 
TLAD (" 2Hffi! *.' ffi| E-Q )B2/:@LA42M-Q/1CH2M' (:) $  8 E$ A!W
]_ew=`Hl=i@e 99xF1n1nE`L a1f?;!@`@eBikB]dLb1`BfB]
] =1`Ba@bBa.c8^L`Ed!mL=dBjEiBnE` aEf x a1f{ DaEf @Lf1ncajA@Lf1ncajB]
] 1n1nE`L a1f?;!@`@eBikB]dLb1`BfB]
] =1`Ba@bBa.c8^L`Ed!mL=dBjEiBnE` aEf x a1f{ DaEfffx1x dLb1`Lf|{ DaEf{ a1f.{ @Lf1ncRaEj|{ @Lf8ncRaEj
] x1x=d!b8`Lf{!xDaEf{ a1f.{!xDaEf{ a8f.8{ @LfEn=caEj|{ @Lf1ncDaj
]_ew=`Hl=i@e,`dBj`!n8n`Lvf@`Lhi@e,o
] x4eB`!z8z|{y^B`!z8z|{~`MrEEz|{ac8d<{~i!z@d3{Fi!z8n|{Fi!z=dHn{z1n1iHrV{yc!e<{yeMn{0wd{yelV{Qd3{0En{ycLd3{
] rd3{Qr.dBz8n|{Qr.d!`Lz1n{0r.dHz=dHn|{0rd!`Bz=dHn|{\r.dBz@dL`Lz1n{0rd!`Bz=dBz8n{Qr.dMz=d<{0rd!`!z@d<{U`!z!ze8e<{ e1eL`Lz8z{
] ^BbBae<{td3{}^LbHr1.ca=i{U`@^BbHrE{w|{w@m@c:{w=mEd<{0w=mEeE u8w=i!nEi
] x4eB`!z1z%{}^L`!z8z J{~`Hr1z%{ac8d %{Fi!z=d J{Ui!z!n J{~iBz=dBnJ{z1n1iHr%{ c1e J{}eMn .{wd .{yeRl J{0d %{0n%{yc!d J{
] rd %{Qr.dHz1n J{0rd!`!z8n J{0r.dHz=dHn .{0r.dL`Lz@dBn%{Qr.dMz=d!`Lz8n%{\r.dL`!zdBz1nJ{Qr.dMz=d %{\r.d!`Lz@d %{F`!z8ze!e %{
] e8eL`!z8z J{y^LbHa.e %{td J{y^LbMrEcRai%{U`^BbHr8J{w %{w@mc %{Qw=mEd .{w=me Lovr@Ei`!n1nE`Lf`Lhi@e
] x4eB`!z1z {}^L`!z8z {~`Hr1z {ac8d {Fi!z=d {Ui!z!n {~iBz=dBn {z1n1iHr { c1e {}eMn 3{wd 3{yeRl {0d
{0n{yc!d {
] rd {Qr.dHz1n {0rd!`!z8n {0r.dHz=dHn 3{0r.dL`Lz@dBn{Qr.dMz=d!`Lz8n {\r.dL`!zdBz1n {Qr.dMz=d {\r.d!`Lz@d {F`!z8ze!e {
] e8eL`!z8z {y^LbHa.e
{td {y^LbMrEcRai{U`^BbHr8 {w {w@mc
{Qw=mEd 3{w=me
@o_`dHj `!n8n`Bf@`Bh@i@e
] x4eB`!z1z 
{}^L`!z8z
{~`Hr1z 
{ac8d 
{Fi!z=d 
{Ui!z!n
{~iBz=dBn 
{z1n1iHr 
{ c1e 
{}eMn
{wd 
{yeRl 
{0d	
{0n 
{yc!d 
{
] rd 
{Qr.dHz1n
{0rd!`!z8n
{0r.dHz=dHn
{0r.dL`Lz@dBn 
{Qr.dMz=d!`Lz8n 
{\r.dL`!zdBz1n 
{Qr.dMz=d 
{\r.d!`Lz@d 
{F`!z8ze!e 
{
] e8eL`!z8z
{y^LbHa.e	
{td 
{y^LbMrEcRai 
{U`^BbHr8 
{w
{w@mc	
{Qw=mEd 
{w=me	
=ocBiBa1a@``!n8n`Bf@`Bh@i@e
] eL`Lz1zvx `%{U`{U` 
=goflx4eB`!z8z Sk`J{ eL`Lz1z `{ eB`!z1z 
 k` 
=
] ^L`Lz1zflx4^ %{}^ {}^ 
=ffx `%{U`{U` 
=goflx4^B`!z8z 
^ `%{ ^B`!z8z _^ `{ ^B`!z1z 
_^ 
` 

] `Hr1zflx4^ %{}^ {}^ 
=Sx `%{U`{U` 
=goflx `MrEEz ^ Sk`%{
    
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] `MrEz p^ 
`{
] `MrEz 
_^ 
` 

] a.c!dv`oflxa.c!d `{Pac8d `{Ga.c!d 
`@
] i!z@d xy^ J{y^ {y^	
goflx~i!z@d Ss^ J{#i!z@d 
s^ {#i!z@d 
s^ 
=
] i!z8nflx4^ J{y^
{y^	
 koflx~i!z8n ^ S{#i!z8n _^ 
{#i!z8n
k^ 
.
] i!z@dBnvx4^ %{y^
{}^ 
  Ioflx~i!z=dHn  ff^ S 1{#iLz=dHn ,ff^ 
 1{#iLz=dBn 
 ff^ 
 4
] z1nEiHrx4^ %{}^ {}^ 
=go xUz8niHr
^ J{Iz1nEiHr^ {Iz8niMr 
_^	

] c1ex4^ %{}^ {}^ 
= o x4c8e 
^ %{ c1e
_^ { c1e 
k^	

] eHnx4^ %{}^ {}^ 
=S Io xyeHn   ^ S 8{ eHn 
s^

 8{ eHn
ff^	
 4
] wd,S 
t P Io xwd    
t P1{
] wd 
  
t P1{
] wd 
  
t P4
] eRlS  x4^ %{y^
{}^ 
  P IoflxyeRl SS _^ S P 8{
] eRl 
S _^

 P 8{
] eRl 
S _^	
 P y
] d,tx4^ %{}^ {}^ 
=go xd  tff^ J{Pd ,tff^ {Pd 
ts^	

] n x4^ %{}^ {}^ 
=Stpo xEn 
^ StV{Gn p^ tV{PEn
k^	
tJ
] c8dn ffxy^ J{y^ {y^	
gn voflx4c!d gn ^ gn fl{yc!d n^ n { c8d 
vn v^ 
n =
] r.d,S  xr%{0r {Qr 
  P Ioflx0r.d SS ,rS P 8{
] r.d 
S ,r 
 P 8{
] r.d 
S ,r 
 P y
] r.dHz1nvS  xr%{0r {Qr 
 z P  Ioflx0r.dBz8n   S 
r gzv P  1{
] r.dBz8n , S 
rvzv P  1{
] r.dBz8n
  S 
r 
zv P  4
] r.dL`!z1nv S  x0r %{Qr{0r 
=gz PGo xr.dL`!z8n   S ,r gz P1{
] r.dL`!z8n , S ,rvz P1{
] r.dL`!z8n
  S ,r 
z P4
] r.dHz=dBnv S vz xr%{Qr{Qr 
=gz P P  IoflxrdBz@dBn  S vzvrgz P P1{
] rdBz@dBn S vzvr vz P P1{
] rdBz@dBn
,S vzvr 
z P P4
] r.dL`!z=dHnvS vzflxr J{0r {0r 
 z G ZIox0r.dL`!z=dHn   vzrgz G Z1{
] r.dL`!z=dHn O  vzr vz G Z1{
] r.dL`!z=dHn
  vzr 
z G Z4
] r.dHz=d!`Lz1n S zflxr%{Qr{Qr 
=gz P P  Io xrdBz=dL`!z8n   S vzvr gz P P 8{
] rdBz@d!`!z8n , S vzvrvz P P 8{
] rdBz@d!`!z8n
  S vzvr 
z P P y
] r.dL`!z=dHz1n S zflxr%{Qr{Qr 
=gz P P  Io xrd!`!z@dBz8n   S vzvr gz P P 8{
] rd!`Lz=dBz8n , S vzvrvz P P 8{
] rd!`Lz=dBz8n
  S vzvr 
z P P y
] r.dHz=dS vz xr J{0r {0r 
  P  Ioflx0r.dBz@d   S zr S P  1{
] r.dBz@d , S zr
 P  1{
] r.dBz@d 
  S zr 
 P  4
] r.dL`!z=d S vz xr%{Qr{Qr 
=S PGo xr.dL`!z@d   S vzvr S P1{
] r.dL`!z@d , S vzvr
 P1{
] r.dL`!z@d 
  S vzvr 
 P4
] `!z8ze1e xy^ J{y^ {y^	
Stpo x~`!z1z=e1e 
^ St{#`!z1z=e1e
p^ 
t{#`!z1z=e1e	
_^ 
vtJ
] e1eB`!z1zvtxy^ J{y^ {y^	
go xye1eL`Lz1z ts^ J{ e1eL`Lz1z ,ts^ { e1eL`Lz1z 
 tff^ 

 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
    
] ^LbHa.e x4^ %{}^ {}^ 
=ffx4^BmJ{y^Lm{}^Lm 
= oflxy^LbHa.e ,^ ^Lm%{ ^BbBa.e
p^ k^Bm{ ^LbBae 
k^	
k^Lm 
=
] tdxy^ %{}^ {y^ 
=go xtd 
^ %{Ptd _^ {Ptd 
k^ 

] ^LbMrE.ca=i xy^ J{y^ {y^	
ffxy^Lm%{y^Bm{y^Lm 
Soflx4^BbHrEcRa@i
^ ^LmJ{
] ^BbHrEcRa@ip^
_^Lm{
] ^BbHrEcRa@i 
_^	
k^Lm 
=
] `@^BbHrEflx4^ J{y^
{y^	
  xy^Lm%{y^Bm{y^Lm 
Soflx `^LbHr1
^ Sff^LmJ{
] `^LbHr1 p^

ff^Lm{
] `^LbHr1 
_^	
ff^Lm 
=
] w

o

] wqe
opiLq8fEnE`@^Mfm@ew=`Bl@i@e

nEi@eLmEdEc8eMf
] u1w@i!ni
] ni@eBmd1c1eMfvoc8dMf@iLnm1iLn`Haji xydLbBu@i@eMf
8f`Lh@ieE qe
] c8dMf@iLnm1iLn`Haji
m

o

] c8dMf@iLnm1iLn`HajivdEcDrJcRfflx1x8xFq J{~`{J:{q {q
 90qe1
] q !okdEcDrJcRfo x1xFq %{U`{.{q {q 
= 9LxFc!dHf@iLnEm8i!n1`BaEji,d1crJcRfqe1
] PbBf8w=iLn!uc1eLi oc8dMf@iLnm1iLn`HajivdEcDrJcRfqe
] iLq1f1n`^Mf@meRw@`Bl=ieew.e

oeRwe
] iLq1f1n`^Mf@meRw@`Bl=ieew.e xq 90qeERoiLq8fEnE`@^Mfm@ew=`Bl@i@esx `Lz1zmeRw@`Bl=iqseRw.e1gqe
] `!z1zEm@ew=`Bl@i,q

o

q

] `!z1zEm@ew=`Bl@ix8xFq J{~`{J:{q {q
x1x8x4e %{y^{Fz{ye
{}e 
 9 ew.eE
] Nq vo1oe
 q ,_e  oflx1xq J{~`{0J:{q {q
 9~eRwe
] Nq vo1oe
 q ,]Loe goflx1xye J{y^<{z:{ye {ye	
 9~eRwe
] GbBf8w@i!n!uc1eBi
oflx1xye J{y^<{z:{ye {ye	
 9N`!z8zmeRw=`Hl=i x1xFq %{U`{.{q {q 
=,ew.e
] x1xydLbBu@i@eMf|{~m{~m=:{~m{~m= or.cRa.cDrEt!rqe
] w=mEd

o

] w=mEd,qe,opiLq8fEnE`@^Mfm@ew=`Bl@i@e

nieLmEdEc1eRf
] u1w@i!ni
] ni@eBmd1c1eMfvoc8dMf@iLnm1iLn`Haji xydLbBu@i@eMf
8f`Lh@ieE qe
] c8dMf@iLnm1iLn`Haji
m

o

] c8dMf@iLnm1iLn`HajivdEcDrJcRfflx1x8xFq J{~`{J:{q {q
 90qe1
] q  |  q ,!okd1cr.cMf
] o x1xFq %{U`{.{q {q 
= 9LxFc!dHf@iLnEm8i!n1`BaEji,d1crJcRfqe1
] PbBf8w=iLn!uc1eLi oc8dMf@iLnm1iLn`HajivdEcDrJcRfqe
] iLq1f1n`^Mf@meRw@`Bl=ieew.e

oeRwe
] iLq1f1n`^Mf@meRw@`Bl=ieew.e xq 90qeERoiLq8fEnE`@^Mfm@ew=`Bl@i@esx `Lz1zmeRw@`Bl=iqseRw.e1gqe
] `!z1zEm@ew=`Bl@i,q

o

q

] `!z1zEm@ew=`Bl@ix8xFq J{~`{J:{q {q
x1x8x4e %{y^{Fz{ye
{}e 
 9 ew.eE
] Nq vo1oe
 q ,_e  oflx1xq J{~`{0J:{q {q
 9~eRwe
] Nq vo1oe
 q ,]Loe goflx1xye J{y^<{z:{ye {ye	
 9~eRwe
] GbBf8w@i!n!uc1eBi
oflx1xye J{y^<{z:{ye {ye	
 9N`!z8zmeRw=`Hl=i x1xFq %{U`{.{q {q 
=,ew.e
] x1xydLbBu@i@eMf|{~m{~m=:{~m{~m= or.cRa.cDrEt!rqe
] w=mc,ovw
] w=me,ovw
      
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] x m{aJov@bBt8aze,`!n1nE`L
]kew=`Bl@i@e  oeRw@`Bl=ieeRw@`Bl@i
]kew=`Bl@i@e
oeRw@`Bl=ieeRw@`Bl@i
]kew=`Bl@i@e	
voeRw@`Bl=ieeRw@`Bl@i 

]kew=`Bl@i@e

oeRw@`Bl=ieeRw@`Bl@i

]kew=`Bl@i@e oeRw@`Bl=ieeRw@`Bl@i 
fifffl  "!#%$'&(!$)#+*  6"$). !5 .A
]k^BbBt1a1f-99I`H]
ffB]?=E`Ha=bBac1^B`d!mBdHjiBEn`vc xDaEf|{ a1f. aEfi!jEi!n DaEf@iLjiLn
]k^BbBt1a1fpmmvoflx4eB`!z1z{y^B`!z1z{~`MrEz{ac8d3{Ui!z@d3{~iLz8n{~iLz@dHn|{z1niMrV{}c1e{}eMn|{Qwd3{}el{d<{0n{yc8d<{
] rd3{0rdBz8n|{0rd!`Lz1n|{Qr.dHz=dBn{0rd!`!z@dHn{0rdHz@d!`Bz1n|{QrdL`!z@dHz8n|{\r.dBz@d<{Qr.dL`Lz@d3{F`!z1z=e8e{
] e8eL`!z8z|{}^LbBae<{0td3{}^LbMrE.ca=i{~`@^BbMr1V{0w{0w=mEc<{w@mEd<{w@me1#u1w@i!ni
] eL`Lz1zpmpov
] ^L`Lz1zp`pop`R
] `Hr1zp`m
po_`M
] a.c!dvmo 
] i!z@dvmvpo
] i!z8np`pmvo_`
] i!z@dBnpmkmvo
] z1nEiHr`op`
] c1ev`vo_`
] eHn_m
mvov
] wdmmmmmo 
] eRlmmk^mmo^
] dm_^
o^
] n^mo^
] c8dm_^vmvo^
] r.dmmk^mmo^
] r.dHz1npmm_^mmmo^
] r.dL`!z1npmmk^mmmo^
] r.dHz=dBnpmmm_^vmmmvo^
] r.dL`!z=dHnpmmmk^mpmmo^
] r.dHz=d!`Lz1nmmmk^mmmvo^
] r.dL`!z=dHz1nmmmk^mmmvo^
] r.dHz=dvmmm_^vmmo^
] r.dL`!z=dvmmm_^vmmo^
] `!z8ze1e`mop`
] e1eB`!z1zpm
_ov
] ^LbHa.e`pop`
] td` op`
] ^LbMrE.ca=i`po_`R
] `@^BbHrEk`mpo_`R
] w

o

] wpqe,o

et8rqe

 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
     
] w=mcHovw
] w=mEdBovw
] w=meHovw
fifffl  3 # !5 !576". )$0. & !576".  37& $73 !576".
]vnEm!jE`@e,o |  	_1

h^B`dMrbEd

@1 :		

^B`dMrbEd

]fiHr1l=i!nE`Lf!tni o 
 |    1

 
],rEh@mHlqopiLq!lx1x4Rq  = xFnm!jE`@e 
fiHrEl@i!nE`Lf8tEni@1
]
l@m!Lt1a.^ 99ZEn8n`B aEf<;L=`eLi_H]d!b8`LfsH] 1^!d!b@eBi!z `BaeRu=iLn
] =E`Ha=bHa.c1^B`dLmLdHjiHn` a1fflxDaEf|{ a1f. x dLb1`Lf|{ DaEf{ a1f.
] x=d!b8`Lf{!xDaEf{ a1f.{!xDaEf{ a1f.!
]
l@m!Lt1a.^,`!n1nE`Lf`Lh@ieoflx4eB`!z8z|{y^B`!z8z|{~`MrEEz`Ln1n`B{0a.c8d<{~iLz=d`!n1nE`L|{~i!z8n`!n8n`B{
] iLz=dHnp`!n1nE`L|{Fz1nEiHrV{yc1eO`!n8n`B{yeMn`!n8n`B{wd
`Ln1n`B{}eRl_`Ln1n`B{
] dv`!n8n`L|{En`!n8n`L|{yc!d
`!n8n`B{0rd`!n8n`B{0rdBz8n`!n8n`B{
] rd!`Lz1np`!n8n`B{0rdBz@dBnv`!n1nE`L|{0r.dL`!z@dBn`Ln1nE`L{Qr.dHz=d!`Lz1nv`!n8n`L|{
] rd!`Lz=dBz8n`!n8n`B{0rdBz@d
`!n8n`B{0rd!`Lz=d
`Ln1nE`L{U`!z8ze1e{ye8eL`!z8z|{
] ^BbBae<{td3{}^LbHr1.ca=i{U`@^BbHrEv`Ln1nE`L{0wV{0w=m@c{w@md3{0w=meE u1w@i!nEi
] eL`Lz1zvx {}dRV{FnLJ ox { dMV{n!.
] ^L`Lz1zflx %{ dMJ{FnL!x { dM {FnL = oflx   {dR%{n! !
] `Hr1zcRa8l x %{ dMJ{FnL! x {}dR {Fn! =
] ox   
] rh@mHlxrJcaflxFz1nm8iBa@i!n1j!kca1lxydRJ{Fn! !8:xUz@d!m8iBa=iLn1j!cRa1lx}dM {FnL @11:{}dR%{n! !
] a.c!dvmvox  {a{a.
] i!z@d cRa8lz=d x {}dRV{n!J o x OrEh@mHlflxUz@d!m8iBa=iLn1j!kcRa8l xydRV{n!J8{ dMV{n!.
] i!z8n cRa8l x {}dRV{n!J z1no x OrEh@mHlflxUz8nm8iBa=iLn1j!kcRa8l xydRV{n!J8{ dMV{n!.
] i!z@dBncRa8lz=d x {}dRV{n!J z1n
] oflx ,rEh@mHlŁxFz=d!m8iBa@i!n1j!kca1lxydRV{n!Jz1nm8iBa@i!n1j!cRa8l xydRV{n!J8{ dMV{n!.
] z1nEiHr_ocHz
] c1eca1l x { dMV{n!. o x Orh@mHlflxf@i!nBr`Ht1l=iHa=`EdHf1 x4ca1l ~dM.ffxycRa1l nLJ1:{}dRV{FnLJ
] eHnca1ldMx {Um{~m@On!po x Orh@mHlflxyeHnm8iBa@i!n1j!kca1lxydRV{n!J8{ dMV{n!.
] wdca1ld1dRdMdLb1bBlpnLpn1nL
] oflx0rh@mHlŁxwdLm1iBa@i!n8j8kca1lx}dMV{n!.eHnEm1iBa@i!n8j8ca1lxyd8dM{Fn1nLJ8{}d8dM{Fn1nLJ
] eRlsca1ld1dRdMx {~m{~m@On!pn8n!
] oflx ,rEh@mHlŁxyeHnm8iBa@i!n1j!kca1lxyd8dM{Fn1nLJ8{#d8dM{Fn1nLJ
] dca1lxyd<{Fn x {}d!iHaz{FniHaz
] oflx ,rEh@mHlŁxd!m8iBa@i!n1j!kca1ld x}d3{Fn xUnEiBaEz
 L1:{}d3{niHaz
] nca1lx {}dLiBaz{FnEiBazsx}d3{n
] oflx ,rEh@mHlŁxnm8iBa@i!n1j!kca1lxydLiBaEz L xyd<{Fn xUn	 !8{ d!iBaEz|{n
] c8dca1lxyd %{ d =ffx { d3{n xFn %{n @
] oflx ,rEh@mHlŁxyc8d!m8iBa@i!n1j!kca1lxyd %{ d =ffxUn J{Fn =1:{#d %{In @
] r.dca1ld1dRdMx {~m{~m@On!pn8n!
] oflx ,rEh@mHlŁx 
 eMnm8iBa=iLn1j!kcRa8lxyd8dMV{n1nLJ
 fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM.ffx4ca1l n!.1:{}d1dRV{n1n!.
] r.dHz1ncRa8ld1dRdMx {~m{~m= z1nn!pn8n!
     
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] o x OrEh@mHlflx 
	z8ncLm8iBa@i!n1j!kca1lxydRV{n!J eHnEm1iHa=i!n8j8_cRa1lx}d1dRV{Fn8n!.
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] r.dL`!z1nca1ld8dMdMx {Um{8xh{ d1 z1nnLpn1n!
] o x OrEh@mHlx 
  z`Haj=dLi1m8ieHnEm1iBa@i!n8j8kca1lx}d1dM{Fn8n!J
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] u1w=iLnivzE`Baj@d!i8m1i
ovr.cRaxUz8ncBm1iBa@i!n8j8pcRa1lx}dM{Fn!.1 xFz1nEm1iBa@i!n8j8kca1lxh{}dE1
] r.dHz=dBnca1ld8dMdMpz@dx {~m{Um=Oz8nn!pn8n!
] o x OrEh@mHlflx 
	z@dEcLm8iBa@i!n1j!kca1lxydRV{n!J z1n=cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ
] seMnm8iBa=iLn1j!kcRa8lxyd8dMV{n1nLJfi!nLr=`Bt8l=iBa@`dMf1 x4cRa8l UdMJsx4ca1l 0n!.1{ d1dRV{Fn8n!.
] r.dL`!z=dHncRa8ld1dRdM_z=dx {8xyc<{{!xFh|{}d8 z1nn!pn8n!
] o x OrEh@mHlflx 
	zE`Baj@d!i8m1ieMnm1iHa=iLn1j8_cRa8lxyd1dRV{n1n!.
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] u1w=iLnivzE`Baj@d!i8m1i
o x0rJcRaflxUz=d1cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ8 xUz@d!m1iHa=iLn1j8_cRa8l x4c{81
]  x0rJcRaflxUz1n=cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ8 xUz8nm1iHa=iLn1j8_cRa8l xFh|{}d81
] r.dHz=d!`Lz1nkca1ld8dMdMpz@dx {8x4c{={8xh{ d1Sz1nnLpn1nL
] o x OrEh@mHlflx 
	zE`Baj@d!i8m1ieMnm1iHa=iLn1j8_cRa8lxyd1dRV{n1n!.
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] u1w=iLnivzE`Baj@d!i8m1i
oz@dEcLm8iBa@i!n1j!kca1lxydRV{n!J
] vr.cRaxUz8ncBm1iBa@i!n8j8pcRa1lx}dM{Fn!.1 xFz1nEm1iBa@i!n8j8kca1lxh{}dE1
] r.dL`!z=dHz1nkca1ld8dMdMpz@dx {8x4c{={8xh{ d1Sz1nnLpn1nL
] o x OrEh@mHlflx 
	zE`Baj@d!i8m1ieMnm1iHa=iLn1j8_cRa8lxyd1dRV{n1n!.
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] u1w=iLnivzE`Baj@d!i8m1i
o x0rJcRaflxUz=d1cLm8iBa=iLn1j!kcRa8lxydRV{FnLJ8 xUz@d!m1iHa=iLn1j8_cRa8l x4c{81
] z8ncLm8iBa@i!n1j!kca1lxydRV{n!J
] r.dHz=dcRa8ld1dRdMpz=dx {Um{~m@On!pn8n!
] o x OrEh@mHlflx 
	z@dEcLm8iBa@i!n1j!kca1lxydRV{n!JeHnm8iBa@i!n1j!kca1lxyd8dM{Fn1nLJ
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] r.dL`!z=dca1ld8dMdMpz@dx {8x4c{={~m@gnLpn1n!
] o x x 
  pi zE`BaEj=d!i8m1ieMnm8iBa=iLn1j!cRa8l xyd8dMV{n1nLJ
] fi!nBr`Bt8l=iHa=`dMf1 x4ca1l UdM. x4ca1l 0n!.1{ d1dRV{Fn8n!.
] u1w=iLnivzE`Baj@d!i8m1i
ovr.cRaxUz@dEcBm1iBa@i!n8j8pcRa1lx}dM{Fn!.1 xFz=dLm1iBa@i!n8j8kca1lxyc<{=1
] `!z8ze1e x {!xydM %{n!L{!xydM {n! @1_xyc<{
 oflx rEh@mBlExye1eLm8iBa@i!n1j!x4c<{8{8x}dM %{FnLL{8x}dM {FnL @8
] e1eB`!z1zflxyc<{ x {}dRV{n!J o x rhmBlx

e1eBm1iBa@i!n8j8Łxyc<{1:{8x}dMV{n!.{8x}dM{Fn!.1
] ^LbHa.e x %{ dMJ{FnL!sx {}dR {Fn! =Soflx   { dMJ{FnL!
] td x {}dRV{FnLJ oflx  OrhmBlx

={!xydRV{FnLJ:{8xydRV{n!1
] ^LbMrE.ca=i x J{8xydRJ{Fn! !:{~m=x {Um{8x}dM {FnL @1 oflx   {!xydM %{n!L{!xydM {n! @1
] `@^BbHrEsca1lx %{!xydR=`{n!@`={!xydR%{n! !! x  {8x}dM {FnL =:{8x}dM1{FnL1J8
] o x    
] ,rEh@mHlŁx0rJcRaxFz1nEm1iBa@i!n8j8kca1lx}dMJ{FnL!8ffxFz=d!m8iBa@i!n1j!kca1lxydR {Fn! =81{
] xydM@`{n!=`@{!xydM8V{n!1.1
] w

o

] wpqe o

EbdBz@d sxyeRt!rmLf1ncld!ieE qe

] u1w@i!nEipeRt!rmLf1ncld!ie xq %{Um{Um= xq { d3{ngo xq  !q {}d3{n
] w=mEd

o

] w=mEd,qe
o

x{~`{.ŁxF|{~`{0J,@

EbdBz@d sxyeRt!rmLf1ncld!ieE qe

{G_]!o : 

] u1w@i!nEipeRt!rmLf1ncld!ie xq %{Um{Um= xq { d3{ngo xq  !q {}d3{n
 %#
M M
#&%
O
#%$
 l  N
%'#
O '0
%
 	l
#
0 
$
     
] w=me ovw
] w=mc ovw
] x m{aJgo@bBt8aze,`!n1nE`L
fifffl   #+68$'&(! 
  )*'#+3
]_ca=cMq  
] x~`dHj   `dHj @g=`@eBi1`Ln1n`Bvf`Lh@ieo
] x4eB`!z8z|{y^B`!z8z|{~`MrEEz|{ac8d<{~i!z@d3{Fi!z8n|{Fi!z=dHn{z1n1iHrV{yc!e<{yeMn{0wd{yelV{Qd3{0En{ycLd3{
] rd3{Qr.dBz8n|{Qr.d!`Lz1n{0r.dHz=dHn|{0rd!`Bz=dHn|{\r.dBz@dL`Lz1n{0rd!`Bz=dBz8n{Qr.dMz=d<{0rd!`!z@d<{U`!z!ze8e<{ e1eL`Lz8z{
] ^BbBae<{td3{}^LbHr1.ca=i{U`@^BbHrE{w|{w@m@c:{w=mEd<{0w=mEeE u8w=i!nEi
] x4eB`!z1z%{}^L`!z8z J{~`Hr1z%{ac8d %{Fi!z=d J{Ui!z!n J{~iBz=dBnJ{z1n1iHr%{ c1e J{}eMn .{wd .{yeRl J{0d %{0n%{yc!d J{
] rd %{Qr.dHz1n J{0rd!`!z8n J{0r.dHz=dHn .{0r.dL`Lz@dBn%{Qr.dMz=d!`Lz8n%{\r.dL`!zdBz1nJ{Qr.dMz=d %{\r.d!`Lz@d %{F`!z8ze!e %{
] e8eL`!z8z J{y^LbHa.e %{td J{y^LbMrEcRai%{U`^BbHr8J{w %{w@mc %{Qw=mEd .{w=me LMo,`EdBjS=`@eBi1`Ln1n`Bvf`Lh@ie
] x4eB`!z1z {}^L`!z8z {~`Hr1z {ac8d {Fi!z=d {Ui!z!n {~iBz=dBn {z1n1iHr { c1e {}eMn 3{wd 3{yeRl {0d
{0n{yc!d {
] rd {Qr.dHz1n {0rd!`!z8n {0r.dHz=dHn 3{0r.dL`Lz@dBn{Qr.dMz=d!`Lz8n {\r.dL`!zdBz1n {Qr.dMz=d {\r.d!`Lz@d {F`!z8ze!e {
] e8eL`!z8z {y^LbHa.e
{td {y^LbMrEcRai{U`^BbHr8 {w {w@mc
{Qw=mEd 3{w=me
@Mo,`EdBj 
=`@eBi1`Ln1n`Bvf`Lh@ie
] eL`Lz1zvx `%{U`=goflx4eL`Lz1z `%{ eB`!z8z ,`@
] ^L`Lz1zflx4^ %{}^ =sx `%{~`=Oo xy^L`!z8z 
^ `J{ ^L`!z8z p^
`@
] `Hr1zflx4^ %{}^ = x `J{~`=Ooflx~`HrEEz 
^ S`%{#`MrEEz p^

`=
] a.c!dv`voxa.c!d O`{Pa.c8d `=
] i!z@dx4^ J{y^
=Oo x iLz=d  s^ J{#i!z=d 
s^ @
] i!z8nflx4^ J{y^
= po x iLz1n
^ S{#i!z1n _^ 
.
] i!z@dBnvx4^ %{}^ =S Ioflx iLz=dHn Ss^ S 1{#iLz=dBn ,ff^ 
 4
] z1nEiHrx4^ %{}^ = o xUz1nEiHr
^ J{Iz1niMrp^
=
] c1e xy^ %{}^ @ o x4c1e 
^ J{ c1e
_^ =
] eHnvx4^ %{}^ =   oflx4eMn Ss^ S 1{ eMn 
ff^ 
 4
] wd S 
t P Ioflxwd SS 
t P1{Zwd 
 S 
t P y
] eRl S  x4^ %{}^ =S P  Io x4el  S k^ S P  1{}eRl   _^ 
 P4
] dtx4^ %{}^ = o xd  tff^ J{Pd 
ts^
=
] nflxy^ %{}^ @ tpo xn
^  t{Pn _^

tJ
] c8d
nffx4^ J{y^
=On voxyc8d  n v^ gn Ł{yc!d vn ^
vn @
] r.d S  xr%{Qr=S P  Io xrd   S 
r S P  1{r.d 
 S 
r
 P  4
] r.dHz1nvS  xr%{0r =Ozv P  IoflxrdBz8n SS ,r gz Z1{
] rdBz8n 
S ,rvz Z4
] r.dL`!z1n
S Łx0r %{Qr@gz P Ioflx0r.dL`!z1n S ,r Ozv P1{
] r.dL`!z1n ,S ,rzv P4
] r.dHz=dBn
S zflx0r %{Qr@Ozm
 PIoflxrdBz=dHn   S zr gzEm
 P 8{
] rdBz=dHn , S zrvzEm
 P y
] r.dL`!z=dHnS vz xr J{0r =OzEm
 P  Ioflx0r.d!`Lz=dHn   S vzr OzEm
 P  8{
] r.d!`Lz=dHn , S vzrzEm
 P  y
] r.dHz=d!`Lz1n S vz xr%{Qr= zm ZIo xr.dHz=dL`!z1n  S vzvr gzEm
 P  8{
] r.dHz=dL`!z1n  S vzvrvzEm
 P  y
] r.dL`!z=dHz1n S vz xr%{Qr= zm ZIo xr.dL`!z@dBz1n  S vzvr gzEm
 P  8{
] r.dL`!z@dBz1n  S vzvrvzEm
 P  y
      
%'#
M M
#&%
O
# $
 l   N 
%#
O'0
%
 	l
#
0 
$

] r.dHz=dS vz xr J{0r =  PIoflxrdBz=d  S vzvr S P1{
] rdBz=d ,S vzvr
 P4
] r.dL`!z=d S vz xr%{Qr=  P Io x0r.d!`Lz=d  S vzr   Z1{
] r.dL`!z=d 
S vzr Z4
] `!z8ze1e xy^ J{y^ @ tpo x `Lz1ze8e ^  tV{#`Lz1ze8e p^

tJ
] e1eB`!z1zvtxy^ J{y^ @Oo x4e8eL`!z8z t ^ %{ e8eL`!z8z ,ts^
=
] ^LbHa.e x4^ %{}^ =ffx4^Lm%{}^Lm@go x4^BbBae 
^ ^LmJ{ ^LbHa.e ^ _^Lm=
] td x4^ %{}^ = o xtd ^ J{Ztd _^ =
] ^LbMrE.ca=i xy^ J{y^ @ x4^BmJ{y^Lm= oxy^LbMrE.ca=i,^ ^BmJ{ ^LbHr1.ca=i^ k^Lm=
] `@^BbHrExy^ J{y^ @ x4^BmJ{y^Lm= ox~`@^BbHrE 
^ Ss^BmJ{#`@^LbMrE p^ 
ff^Lm=
] wpqe o

xq %{q @(q =Oa1t8  w

  ,x %{ @,=Oqe

{
] q = w 

  ,x %{ @,=Oqe<{G go8oq 
 
] w=mcqe
o

xq %{q @(q =Oa1t8 
w=mc 

  ,x %{ @,=Oqe

{
] q = w=mc 

  ,x %{ @,=Oqe<{G go8oq 
 
] w=mEd,qe
o

xq %{q @(q =Oa1t8 
w=mEd 

  ,x %{ @,=Oqe

{
] q = w=mEd 

  ,x %{ @,=Oqe<{G go8oq 
 
] w=meqe
o

xq %{q @(q =Oa1t8 
w=me 

  ,x %{ @,=Oqe

{
] q = w=me 

  ,x %{ @,=Oqe<{G go8oq 
 
          

Ng  ,       3
Hffi! 48-Y(=+.-0/
0
ff3%?  %6X .?Offi8/8A 2Mffi! N"J(J$&$ (

'*)!+ A7,)B2[/>= *
	
B1eRw=`Hl=ieRf

eRw@`Bl=i8mLf88l=i

Hi

iBa@i!n8j8@mLn`Haji

!e

eBiLt@iBa^Li

ew=`Hl=i1mBf1!l=i 9 v   xyd!i8`@eRfgrb@eRfp`BeMf1n`@^Rf{GzEi!E`BtdMf  =:{
lvOl   xlnEbB=`H.c!dEcMfcLiebLeRw=`Hl=ieE
iHa=iLn1j8m!nE`BajEi 9
8w@iiBa=iLn1j!n`Haji,f8w=`Bfc1efb
=i`Ba@`dMeLiLzkcRah^L`EdHr=bd xFziL`BtdHf !3

8wc1eOl=`Ln`MriLfi!n,w=`@eOa@bi!8i@^Rfvu1w@iBas^B`dE^tdL`LfcajlnEbB=`H.c!dEcMfcLie
eBiBt=iBa^Li49 
8w@ivn`BuseBiBt=iBa^Li x4cHva@bLfj=c @iHani8`!z=e,1nbMrseMf1zcaJ
;!q@`MrEldLi@e 9
]
	
B1eRw=`Hl=ieRf  kHi  !e,j8f8f@`1`BfEj!f@`!j=^Mf8f@`1`Bf@`8`@^L`8`!jE`Lf8j1j`Bf`8`Lf!fEj!f@`Hf^1^8^B`Bf@`!`1`^L`
j8f8f@`8`LfEj!f@`Lj^Mf8f@`8`Lf@`8`@^B`1`!jE`Bf1j1j1`Lf`1`Hf1fEj!f`Bf^!^1^B`LfE`1`1`^B`


   x1x8x1xLx1x1811 1<}181<1188Bx1x!x1x8x@!11 881!381!1188
 
 
 x1x8x@Bx1x1x1811818118181188Bx1x!x1x8x@!11 881!181}18<

  1818118181181811818118881!181!118881!181!1188 m
]
	
B1eRw=`Hl=ieRfl  k8e,j8f8f@`8`LfEj!f@`Lj^Mf8f@`8`Lf@`8`@^B`1`!jE`Lf8j1jE`LfE`1`Lf8f1j!f@`Hf^8^1^H`Lf@`8`8`^L`
j8f8f@`8`LfEj!f@`Lj^Mf8f@`8`Lf@`8`@^B`1`!jE`Bf1j1j1`Lf`1`Hf1fEj!f`Bf^!^1^B`LfE`1`1`^B`


   x1x8x1xLx1x1811 1<}181<1188Bx1x!x1x8x@!11 881!381!1188 |    

 
 
 x1x8x@Bx1x1x1811818118181188Bx1x!x1x8x@!11 881!181}18< | 




  1818118181181811818118881!181!118881!181!1188    
   8i=

m
